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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assoctra- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should include a summary to be used as an introduc- 
tory synopsis of not more than 150 words which in 
cludes a summarization of conclusions and recom 
mendations. All pages in manuscripts, including 
tables but not figures, should be numbered consecu 
tively. Previously published and readily accessible 
procedures which have been followed in experi 
mental work should not be made a part of the manu 
script, but should only be referred to by appropriate 
literature references 


Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure The introduction should be followed 
by a report of the essential details of the experi 
mental work, and a discussion or interpretation 
where necessary. Authors may find it helpful to 
arrange manuscripts to conform to the style of 
presentation as illustrated in papers on analogous 
subjects published in recent issues of Tats JOURNAI 


In preparing manuscripts for publication in Turs 
JOURNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 
dash should be indented and run into the part of 
the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations. 
should be indicated by the first number assigned 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower cace letters 
beginning with “‘a”’ and continuing in natural order 
Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses correspoding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted.’”’ The sequence followed in the citations 
must be as follows: 


(1) Doe, J. B., Am. J. Physiol., 79, 289(1927). 


References to books should be in the order given 
(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, and 
(8) page number. A complete book reference may 
be illustrated as follows: 


(1) Gilman, H., “Organic Chemistry,”’ Vol. 2, 


2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236, 1252. 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5cc.,ete. The 
forms to be used are ce., Kg., Gm., mg., meg., 
mm., cm., and L 


Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth 
Original drawings are preferable, but clear, well 
prepared glossy photographic prints are acceptable 
he size of illustrations should not exceed the 8.5" x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75" 


‘2. ) or 
full page width (5.5” Thus, height rather than 


width should be accentuated where possible 


Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
may be setintype. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary 


Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction. 


Tables.—Tabies should be carefully constructed 
so that the data presented may be understood easily 
The indiscriminate use of tables should be avoided 
Tables should be constructed so as to occupy fully a 
single column (2.75") which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
clear and concise table of data requires much plan- 
ning and infinite care 
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“Cotton Mather prescribed for the ailing child: 
half a pound of live millipedes in a quart 
or two of wine.” 


In centuries gone by, plagues were countered 
with lizards’ legs, iliness with elixirs, or the typi- 
cal prescription of Cotton Mather's, quoted above. 
To even conceive the idea of flavoring such 
witches brews was absurd, and justifiably so. 
Today, however, together with the development 
of modern pharmaceuticals, has come the equally 
acceptable doctrine that iliness is not sin—and 
that the sufferer need not be punished for his 
transgressions with ‘‘vile’’ medicaments. How 
satisfying now to be able to be frivolous — 
pharmaceuticals tintea blue, life saving concoc- 
tions tasting of peppermint! And in a sense, the 
progress of pharmaceuticals can be measured 
by this very concept of flavoring. We have at last 
arrived at the time and place for imagination 
Here at D&O our flavor chemists combine ad- 
vanced technical understanding with the flavor- 
ing imagination of 20th century wizards to give 
you “‘THE CHARMING PHARMACEUTICAL!”’ 
Consult D&O 
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Amerchols® ere natural, non-ionic 


OINTMENT BASES AND EMULSIFIERS which contain 
Lanolin Cholesterols in their Most Active Form. 


These stable cholesterol and multisterol surfactants 
induce rapid drug release, promote optimum healing 
rates, and are safe for the most delicate tissues. We 
know of no case of an allergy due to an AMERCHOL.* 


Modulan® is the acetyl derivative of 


pure lanolin! with unique new properties for use in 
OINTMENTS AND EMULSIONS. It imparts waxy, pro- 
tective hydrophobic films; is oil soluble and compatible 
with O/W emulsions, soaps and shampoos. Clinical in- 
vestigations indicate that MODULAN IS HYPO- 
ALLERGENIC.” + (U. S. PAT. NO. 2,725,334 


"References, technical data and suggested formulations 
A AS are available from our research laboratories. 
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Antibacterial and Antifungal Properties of 
s-Naphthol Derivatives V* 


By R. S. BAICHWAL,f MALATI R. BAICHWAL,? and M. L. KHORANA{ 


A detailed study was made on some derivatives of 5-naphthol which have emerged 
as active antibacterial and antifungal compounds from a preliminary screening al- 
ready reported. This included the evaluation of penetration power, influence of 
organic matter, and fungicidal activity. Further tests were carried out on a se- 
lected group of compounds, and covered such determinations as topical irritation 
and interference in the process of wound healing. The LD» by intraperitoneal 
administration of 6-hexyl-3-naphthol was found to be 127 mg. per Kg. A poten- 
tiation of fungistatic action was observed with a few naphthol derivatives in formula- 
tions containing known anti-infective agents. All compounds seemed to possess 
good penetration power even in ointment vehicles and were nonirritant to the in- 
tact skin of rabbits. The presence of organic matter did not appear to curtail the 
activities of these compounds seriously and the compounds themselves did not 
seem to have any adverse effect on the process of wound healing. The results ob- 
tained from these limited tests indicated that the compounds may prove useful as 
anti-infective agents and hence seem worthy of further toxicity and clinical studies. 





Pp LIMINARY SCREENING of a large number of for their fungicidal activity, and a few formula 
derivatives of 8-naphthol for antibacterial and tions, containing the selected compounds, for 

antifungal activities showed some compounds to _ their fungistatic action 

exhibit preferential activity against Gram 

positive bacteria and human pathogenic fungi (1) EXPERIMENTAL 


The results suggested further studies on their Methods of Sterilization.—Tests were conducted 
anti-infective properties under a variety of test to determine whether the active antibacterial com 


conditions simulating practical conditions of use pounds could withstand moist heat sterilization 
without impairment of their bacteriostatic activity 
Nutrient broth containing the previously deter 
mined (1) inhibitory concentrations of the test sub 
stances were autoclaved at 15 Ib. pressure for 
skin, interference in healing of wounds, anti twenty minutes. Results observed following inocu 
inflammatory property, and acute toxicity lation of a loopful of a twenty-four hour culture of 
the test organisms and incubation for twenty-four 
to forty-eight hours are recorded in Table I. All 
* Received February 3. 1958. from the Bombay University the bromoanilides were found to lose their activity 
Department of Chemical Technology, Bombay 19. India by this treatment. However, they retained their 
This paper is based in part on the theses submitted to the 5 2 : : : 
University of Bombay by R. S. Baichwal and Malati R inhibitory power after being subjected to dry heat 
Baichwal for the degree of Doctor of Philosophy in the sterilization at 150° for one hour 


Faculty of Technology - = 
+ Present address: Faculty of Pharmacy, University of Penetration Power.—-The agar cup-plate method 


Toronto, Toronto, Canada . : (2) was followed using M. pyogenes var. aureus and 
t Reader in Pharmacuetical Chemistry, Bombay Univer - 


sity Department of Chemical Technology, Bombay 19, India var. albus as the test organisms. One cubic centi- 


The selected compounds were evaluated as to 
methods of sterilization, penetration power 
influence of organic matter, irritation on intact 


Further, the antifungal compounds were tested 
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TABLE | 


Compound 

6-Dibromo-8-naphthol 
:3:6-Tribromo-§8-naphthol 

4:6-Tribromo-8-naphthol 
6’-Dibromo-8-dinaphthol 
n-Pentyl-8-naphthol 
n-Hexyl-8-naphthol 
Bromo-2-hydroxy-3-naphthanilide 
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Heat STERILIZATION* 


MW. pyogene M. pyogenes 
var. oureu var. albus 
Concentration in gg.cc 

10 5 10 


4’- Dibromo-2-hydroxy-3-naphthanilide 
a 6- Dibromo-2-hydroxy-3-naphthanilide 
10° 4’:6-Tribromo-2-hydroxy-3-naphthanilide 


* Fifteen Ibs. pressure for twenty minutes 


® Retained bacteriostatic activity after dry sterilization at 150 


¢ no growth 4 growth 


meter of a twenty-four hour culture was added to 9 
ec. of nutrient agar broth and poured into Petri 
plates containing 20 cc. of agar. Fine suspensions 
of the test compounds in concentrations of 50, 20, 
and 10 wg./cc. in 5% gum acacia were added to 10 
mm. cups previously prepared Diameters of zones 
of complete inhibition were measured after incuba 
tion for forty-eight hours. Table II records the 
zone diameters shown at a concentration of 50 ug./cc 
(column I), and the difference in zone diameters be 
tween those at 50 ug./cc. and 10 ug./cc 
column II 

The penetrability of the more active compounds 
(Table II as 6-n-hexyl-8-naphth.ui, 1 : 4’ 
dibromo-, and 1 : 6-dibromo-2-hydroxy-3-naph 
thanilides, was evaluated in ointment vehicles using 
the base recommended for sterilized cream of peni 
cillin, B. P. 1948, by the agar-plate method (3) 
Using M. pyogenes var. aureus, the zones of com 
plete inhibition compared favorably with those of 
acriflavine run under similar conditions, and were 
greater than exhibited by the parent 
pound, 8-naphthol 

For comparison purposes, antifungal compounds 
selected from the preliminary screening (1) were also 
tested under similar conditions (3) using Tricho 
phyton gypseum as the test organism. The tests 
revealed that 8-hydroxyquinoline was the best and 
the other compounds in decreasing order of activity 


concentra 
tions 


such 


those com 


TaBLe I].—PENETRATION POWER OF 8-NAPHTHOI! 
DERIVATIVES AT A CONCENTRATION OF 50 wG./CC 


M. pyogenes M. pyogenes 
Compound*® var. aureus var. albus 


Aarmwwoonwwcu e« 
a & & 
VnDmnwotwew 


~ 
we) 


9 
10 


t 
= 
a 


to 
— 
o 


* Numbers refer to compounds listed in Table I 

+ Average diameter in mm. of the zones of complete inhibi 
thon 

¢ Difference between zone diameter at 50 gg./ce. and at 10 


g./cc 
4 Considerable zones of diffused growth were observed. 


for one he 


6-dinitro 
salicylanilide, and undecylenic acid 

Influence of Organic Matter.The bacteriostatic 
concentrations of the selected compounds (1) were 
determined using twenty-four hour cultures of M 
pyogenes var 
amounts such as 0.02 cc. to 0.2 cc 
million /cc The inhibitory were 
found to be the same as determined previously (1) 
which indicated that the presence of heavy inocolum 
had no deleterious effect 

Tests using horse serum as the source of organic 
matter were conducted with the most promising 
compound, 6-hexylnaphthol, on lines similar to those 
used for hexachlorophene (4 From the results 
recorded in Table III, it appears that, although the 
presence of serum lowers the antibacterial activity, 
it is only over short durations However, when long 
time contact is permitted, then it appears that the 
presence of serum is not too detrimental. Further, 
the loss of activity due of serum could 
be overcome by 


were, 1-bromo-, 6-bromo-, | 3-naphthols, 


aureus and var. albus in varying 
viable count, 382 


concentrations 


to presence 
increasing the concentration 

The antifungal compounds selected from the pre 
liminary screening (1 evaluated using the 
serum agar-cup-plate (2) as well as the agar streak 
method (5 The former method similar to 
that described previously (1) excepting for the addi 
tion of 10% serum to the agar medium From the 
graphs shown in Fig. 1 of each substance with the 
log concentration vs. average diameter of the zone of 
inhibition, comparison of activities can be made 
For example, 6-bromo- and 1: 6-dinitro-8-naphthols 
seem to be superior to 8-hydroxyquinoline until a 
concentration of 0.25% is reached 
compared with salicylanilide or undecylenic acid, 
the naphthol derivatives are found to show greater 
zone diameters over the entire range of concentra 
tion of 0.01 to 5% 

Following the method of Oster and Golden (6) 
but using a clearance zone of 3 mm. with a cup of 10 
mm. and allowing a preliminary incubation of the 
test organism for six hours before the addition of 
the test substances, as followed in these tests, the 
activity coefficients calculated are as follows: unde- 
cylenic acid 0.4, salicylanilide 10, 8-hydroxyquino 
line 40, 1-bromonaphthol 40, 6-bromonaphthol 40, 
and 1:6-dinitronaphthol 100 Apparently, the 
8-naphthol derivatives seem to be superior to the 
commonly used antifungal agents under the test 
conditions followed 


were 


was 


However, when 
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raas.e ill EFFECT OF ORGANIC MATTER ON THI ug./cc. in the absence of serum (1) were found to be 
ANTIBACTERIAL ACTIVITY OF 6-n-HEXYL-8-NAPH ineffective at the same concentration in the presence 

HOI f serum 
Resul coaliaaik atell Fungicidal Tests.——Oster and Golden’s method (6 
“ul ureus for was followed with 7. gypseum as the test organism 

24 «(48 

Amount Tested \ Hr Hr 
Hexyl-8-napht sults after incubation for twenty-one days indicated 


und 1% concentration of the test substances. Re 


1: 1.000 ns Serums & 2 that 1-bromo- and 1:6-dinitro-8-naphthols were 
1: 1.000 in Serum 1¢ not fungicidal even with a contact period of ten 
1: 1,000 in Serun minutes. Other antifungal agents, such as un 

Hexyl-8-naphthol decylenic acid, salicylanilide or 8-hydroxyquinoline, 
1: 2,000 in Serun 


2 nM 


which were included for comparison purposes, be 

haved similarly 6-Bromo-8-naphthol was the 
Fest peocediant a ’ , ; A only compound whi vas fungicidal in these tests 

times noted rik ! ! Since the compounds were tested at only one con 

t« nutrrent agar t . . 

present counted centration, detailed comparisons of activities could 

Too many to cour not be made. 

Irritation Tests.—Ointments containing the test 
substances in various concentrations were rubbed 
every day for six days on marked depilated areas on 
the backs of three healthy rabbits with the oint 
ment base as the control rhe ointments were pre 
pared according to the method described under pene 


tration tests The results indicated that 1:6-di 


bromo- and 1:4'-dibromo-2-hydroxy-3-naphthani 
lides were nonirritant ev a concentration of 


>, while 6-hexvyl-8 phthol showed some sigt 


of irritation 
Similar tests conducted with the antifungal agents 
revealed that undecylenic acid 5°), 8-hydroxy 
quinoline 1%, 1-bromo- and 6-bromo-naphthols 2‘ 
ind 1:6-dinitronaphthol | were all nontrritant 
Salicylanilide 5°, however, was found to be irritant 
Before any definit« nclusions are drawn, it would 
U.S ' be worth while to t { ompounds agai na 
ENTRATION larger number of animals 
Fig. | : nd fungistatic response curve An attempt was next mad study irritation of 
at 7. 4 h mereasing concentrations of t bacteriostatic comy y tl granuloma 
8-naphthol derivatives and three commonly used h ’ test of Hans ly 7. he pre 
antifungal 1 \-A_ Undecylenic acid ; liminary tests, steril il, crot 
Salicylanilide ( 8-Hydroxyquinoline, ’ 
1-Bromo-8 ! l, E-E 6-Bromo-8-naphthol 
I 


exyl-8-naphthol | n us oil were injected 
Dinit , into the prepared pouches (7, 8) on different groups 
t initr j-naphthot . , 
, of rats The animals were sacrificed after seven 


days, and examination of the pouches indicated that 


igar streak meth only croton oil was irritant and not the compound or 


hors the base oil 


mtaimed 10 
serun t 1 in I I\ rhe activity With a view to examining whether the test sub 
8-hvdroxvquinol igainst all the fungus patho stances possessed any anti-inflammatory action, the 
gens seer in unaffected in the presence of granuloma pouch’’ technique (7, 8) was repeated 
serum 1¢ naphthol derivatives this is true by administering the drugs to different groups of 
only when th ictivities are considered against rats, each containing five rats, as shown in Table \ 
Trichophyton } nd Epidermophyton floccosun It was observed that the two compounds, 1:6 


However, these compounds which were inhibitory dibromo-2-hydroxy-3-naphthanilide and 6-hexyl-8 
against tl me organisms at a concentration of 10 naphthol showed no anti-inflammatory action 


1\ Funorstatic Activity OF 8-NAPHTHOL DERIVATIVES AT A CONCENTRATION OF 
By AGAR-STREAK MgTHOD 
Trichophyton Trichophy 
gypseum rubrum A sum 
~erum serum Serum serum Serum Serum 
Compound Absent Present Absent Present Absent Present 
Undecylenic acid +? + + + + 4 
Salicylanilide , $ 4 
8-H ydroxyquinoline 
1-Bromo-8-naphthol 
6-Bromo-8-naphthol 


1 :6-Dinitro-8-naphthol 


growth , no growth 
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TABLE \ ANTI-INFLAMMATORY ACTIVITY OF base serving as control 


rhe rest of the procedure 
8-NAPHTHOL DERIVATIVES 


was similar to that described by Dodd, ef a/. (10 
From the results recorded in Table VI, it is ap 
Quan Exudate : “ 
tity ml parent that 6-hexyl-8-naphthol and 1: 6-dibromo-2 
- , — hydroxy-3-naphthanilide do not interfere with the 
jectec e " “ 
Group Treatment ml Days process of epithelization in concentrations of 1‘ 
P 


I Arachis oil ‘ 2 and «5% However, wounds treated with 1:4 


II 1% Croton oil } ‘ ‘ dibromo-2-hydroxy-3-naphthanilide, even at 1‘ 
Ill 1% Croton oil* 3 
und 0.5% 6-n 
hex yl-8-naphthol 


2 In case of antifungal compounds, it was ob 
IV 1% Croton oil 8 , 
or 1 


und 0.5% 1:6-di served that, with all the compounds tested, the days 
bromo-2-hydroxy-3 required for the healing of the test and control 
naphthanilide y wounds were the same. Salicylanilide and 6 
bromonaphthol which showed some signs of irrita 
tion on intact skin of rabbits when applied in the 
form of 5°) ointments, had no adverse effect on th 
However, they did not seem to contribute any added process of wound healing (Table VI 
irritation due to their presence Toxicity Tests.—An acute toxicity test was carried 
Wound Healing Tests.— for this purpose, Carrell out with 6-hexyl-3-naphthol using different routes 
und Hartmann’s technique (9) used by Dodd and co of administration. A stock solution of the sub 
workers (10) was followed by using healthy rats in stance was prepared using 0.1‘, Tween 80 and 


concentration require two days more for healing 
than the control wounds 


Dissolved in sterile arachis « 
Same quantity injected again after three days 


stead of rabbits Three male rats of average body sterilized by autoclaving. Oral administration in 
weight of 125 Gm. were depilated, allowed to rest doses up to 1 Gm., Kg. showed no toxicity to mict 


for twenty-four hours, anesthetized, and two exci When administered intravenously, doses up to 40 
sions made on opposite sides of the dorsa! midline mg./Kg. were found to have no harmful effects 
One of the wounds was treated with an ointment The LD» by intraperitoneal route was of the order 
containing the test substance and the other with the of 127 mg./Kg 


TABLE VI DATA ON WOUNDS TREATED WITH 8-NAPHTHOL DERIVATIVES AND CONTROL WOUNDS 


TConcn 
n 
Substance Oint qi m. of Unhealed Wounds After 
Applied ment 4 ; 5 ‘ 7 x ) 
6° 17 3 i 0.55 
< 0.60 
57 U0 
0 
) 
ft) 
5 0 
0 


c 
LT 
C 
I 
4 


I 
Cc 
I 
Cc 
r 
Cc 
I 
Cc 
Tr 
Cc 
I 
< 
I 
Cc 
57 
r 
Cc 
r 
Cc 
; 
Cc 
T 
Cc 
T 
re 
T 
Cc 


si t 


1.50 
1.70 
0.60 
0.63 
0.40 
0.30 
0.20 
0.20 


Numbers refer to compounds listed in Table I 

Numbers refer to compounds listed in Table IV 

Complete healing on fourteenth day 4 Complete healing on thirteenth day 
« Complete healing on sixteenth day T Test C Control 
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Formulations.—In order to determine the syner 


gistic or antagonistic behavior of the selected anti 
fungal compounds, different formulations were pr« 
pared, containing a few commonly used antifungal 
igents The two most effective antibacterial com 
} 


pounds as shown by these studies were incorporated 


in some of the mixtures 
method 


gypseum as the 


e serum agar-cup-plate 
was used with 7 
formulation two mixtures were 


of these 


ganism For every 
prepared contained that concer 


tration which was able to produc: 


is determined previously 
and the other 
Hence if a zon 


f more than mm.was shown by mix 


mm 


under influence of organic matter 


ilf of those concentrations 


m. by mixture (/ t 


considered 


hose mixtures were 
their action antibac 


Where 
ided in the mixtures, the 
twenty times their mi 

ntrations against M. pyoger 
rmimed previously (1 
VII indicate that 6 
linitronaphthols o b 
known antifungal 
} 


behavior is shown by 6 


wded in Tabk 


ynergistic with some of the 


ugents studied Similar 
hexyl-8-naphthol when combined with 8&-hydrox 


quinoline detailed studies on these and 


other combinations are in progress 


SUMMARY 


f 8-naphthol selected from a 


reported preliminary antibacterial 


been 


viousl 


and antifungal screening have evaluated 


for their potential value as anti-infective agents 
Methods of 


influence of organ 


sterilization, penetration power 


matter, and fungicidal acti 


} 


were some of the properties examined 


more effective antibacterial compounds 


hexyl-8-naphthol, 1:4’-, and 1:6 


dibromo-2-hydroxy-3-naphthanilides, and _ the 


antifunga mpounds bromo-, 6-bromo-, and 


| :6-dinitro-8-naphthols, have also been studied 


topical irritation and interference in_ the 


wess of epithelization Further, the anti 


inflammatory activity and the acute toxicity of 


the bacteriostatic « been deter 


Finall 


hol derivati 


mpounds have 


nuned some formulations containing 
es and certain known anti 


awents were examined for any potentiation 
clot 
and 6 


drox 


(-dinitro 


(-dibromo-2-hy 
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IVITY OF FORMULA 
DERIVATIVES AND 
AGENTS 


Taste VII FuNGistTaTic Ac 
TIONS CONTAINING 8-NAPHTHOI 
KNOWN ANTIFUNGAI 


4 Zo 
Diameter 


I 


entration 
th half the concer 
Undecylenw 
6- Dinitre 

naphthanilicde 


thanilide were 


power in the intments and were 


mirrnitant to the int: in of ri hey 


; 


not seem to of healing 


cess 


unds nor ivities seriously 
cted | 


me of these « 


organic Ma nergistic action 


formulations containing cert 
LDs by neal administra 
if 6-hexyl-8-naphthol if the 
mg./Kg results that 


compounds may p! * 


agents The 


intr if rit 
order of 


It appears these 


useful anti 


tive agents and hence merit clinical study 
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The Excretion and Tissue Distribution of C'*-Carbonyl 
Salicylamide in the Rat* 


By WILLIAM F. BOUSQUET and JOHN E. CHRISTIAN 


This investigation was undertaken to determine the excretion and tissue distribu- 


tion of ¢ 


‘.carbonyl labeled salicylamide and its metabolites in the rat. 


Twenty- 


four hours following the administration of 250 mg./Kg. of salicylamide containing 

2.35 uc. of C', 96.9 per cent of the administered radioactivity was found in the urine. 

Thirty minutes following the oral administration of 250 mg./Kg. of the compound 

containing 4.35 uc. of C'* the greatest quantity of the drug and its metabolites was 

found in the kidney. The brain-plasma ratio expressed on a dry weight basis was 
| come to be 1.72. 


ANALGETIC VALUE of salicvlamide is well 


T= 


recognized | 


and has been reported by 
some workers to be greater than that of aspirin 
3 It appears that salicylamide differs greatly 
other members of the salicylate 


from group of 


and mode of 
Szekely (4 


1 is not converted to 


drugs in its metabolism 


rhe 


indicate 


action 


findings of Brodie and would 


that the compour 


salicylate in the animal body 


Salicylamide seems to be free of the untoward 
effects often noted with aspirin therapy (5, 6 

The compound appears to be well absorbed and 
no gastric ulceration has been noted 


upon pro 


administration. Changes in red and 


cell 


not been reported to 


longed 


white counts or in prothrombin time have 


occur with salicylamide 
therapy (6 

The overall excretory pattern of salicylamide 
drug labeled 


studied by administering the 


with C** to rats, 


was 
collecting the urine and feces 
separately over a period of twenty-four hours 
and analyzing the excretion products for their 
radioactive content 

To determine the tissue distribution of the 
drug and/or its metabolites various tissues and 
taken for thirty 


administration of the 


were muntutes 
the 


pound labeled with C!* 


organs assay 


following oral com 
These organs and tissues 


were then brought into a suitable form for 


analysis and their radioactive content de 


termined 
EXPERIMENTAL 


Synthesis of C''-Carbonyl Salicylamide.—Th« 
labeled compound used in this study was prepared 
using C'*-carboxyl] salicylic acid previously synthe 
sized in this laboratory by Borst and Christian (7 
The procedure reported by Mandel, ef ai. (8 
modified for use in this work The synthesis was 
carried out by refluxing 0.5648 Gm. of C'*-carboxyl 


, was 


* Received 
Laboratory 
Lafayette, Ind 

Presented to the Pharmacy Section AAAS 
Meeting, December, 1957 


20, 1958, from the 
Pharmacy 


February 
School of 


Bio- Nucleonics 
Purdue University 


Indianapolis 


salicylic acid representing 1.51 XK 1? d p. m 


radioactivity with 8.0 ml. of absolute methanol fo 


twenty-four 
concentrated 


hours in the presence of one drop 


When the 
of cooled 28°, ammonia 


sulfuric acid refluxing 


period was complete 10 ml 
udded to the reaction mixture and the 
flask shaken mechanically for eighteen hours 

The reaction 
bath and the unreacted 
acid precipitated by addition of cold 20' 
chloric 
for two days during which time 


solution was 


mixture was then cooled in an ic 


salicvlamide and salicy li 
hydro 
After refrigeration 
cold 20°, 


acid was added intermittently to insure com 


acid added dropwise 
hydro 
chlor 
pleteness of precipitation, the 
filtered and the salicylamide 


cid collected 


mixture was suction 


ind unreacted salicyli 
rhe filtrate and washings were then 


concentrated, cooled, and allowed to crystallize 


This procedure was repeated three times. All solid 
material obtained in the crystallizations was com 
this treated 


solution of sodium carbonate 


bined and material then with a 


saturated 
any free salicylic acid present 


was 
to remove 
Total vield of C 
carbonyl! salicylamide was 0.4039 Gm. or 72“, of 
theory before Recrystallization 
from water yielded 0.2960 Gm. of material having a 
melting point of 140° (M.M.P.-K 
agreement with the literature value for salicylamide 
(9 Total yield of purified product was 52% of 
theory 

Demonstration of Chemical and Radiochemical 
Purity.—Purity 
certained by 


recrystallization 


which is in 


of the labeled compound was as 
subjecting it to chromatographic and 
autoradiographic analysis 
the synthesized C'*-carbony]! salicylamide was pre 
pared in a concentration of 30 gamma per 5 lambda 
A 5 lambda sample of this 
graphed on Whatman No. | paper using the descend 
ing method of paper partition chromatography 
rhe solvent system employed was benzene-glacial 
acetic acid-water (40 : 40 : 20 Reference samples 
of unlabeled salicylamide were 
run as controls on the paper. The R, valu 
of the synthesized C'-carbonyl salicylamide was 
determined to be 1.0, indicating that the labeled 
identical with the refer 

No salicylic acid could be demon 
present in the 
bony] salicylamide 
chromatogram with a 1°, 


An acetone solution of 


olution was chromato 


salicy lic acid and 


Same 


compound was salicylamide 
ence compound 
‘ 


strated to be synthesized C'*-car 
upon color development of the 
solution of ferric chloride 
To demonstrate the absence of radiochemical im 
purities in the synthesized compound an autoradio 


gram of the chromatogram was prepared. Eastman 
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Kodak 
mg the 


ilculated n the basis of the 


No-Screen 


autoradiogram and the 


X-ray film was used in prepar 
time 
activity pres 


exposure was 


known 
Upon film development 
pot showing that there 


mpuritse 


present in the 


Activity Determination.—-Samples of the synthe 


sized C'*-carbonyl ilicvlamide were dissolved in 


acetone for determination of their specific activitx 


Che activity’ of aliquots of the synthesized C™ 
| ywed that the product had a 


uctivity of 1.18 uc. /meg 


rhonv] H lamid 
irvoonyi Like imma 


pecinc 


To each of 
Wistar strain 


was adminis 


Studies of Salicylamide Excretion. 
é nal f the Purdue 
202 Gm 


salicylamide « 


white female rat 
iverage weight o 1 Wa 
tered 250 mg./Kg. of 
ac. a TL" 


desired activity 


> 


ontaining 2.35 
material to give the 
a glass mortar with 
with a few drops ol 
} ] 


Sufficient labeled 


was ground in 
unlabeled salicylamide 


Aerosol OT.? an uspended v h the aid of a 0.5% 


XI he suspension 


was ad 


ican i a stoma 


irug eact 


umber similar 


which is equipped to 
« urine and =the feces 
determining salicylamide 


twenty-four 


wurs pri 


auring entire hour 


the animals were allowed water 


but food was withheld The animal was held 


uml ind the urine and feces collected 


W ty-four ur period 
urine and feces samples from the five animals 
iliquot assayed taken as a repre 
f the products of the 


e Tece sam was 


excretory 
homogenized 
tric acid to provide uniform sampling 
the excretion products were then d 


1 aC 


inum counting planchets of 7.31 
of the samples deter 


set up as previously ce 


area, and the radioactivity 


lined with the counting 
scribed 


samples it was found 
idministered radioactivity 


Upon assay of the excretory 
that 96.9%, of the was 
urine and that 0.61°% was found in 


then, 


excreted in the 


the fect Ck arly, the kidney represents the 


organ of excretion of this drug 


Determination of the Tissue Distribution of C'- 
Carbonyl Salicylamide and/or Its Metabolites. 
In order to determine the distribution in the animal 
body of salicvlamide and/or its metabolites a dose 
of salicvlamide corresponding to 250 mg./Kg. and 
containing 4 f C'* was administered to five 
white female rats of the Purdue-Wistar strain, the 
average weight of which was 211 Gm. Prior to ad 
ministration of the drug the a: ‘tmals were fasted for 
twenty-two hours but were aiiowed water freely 


> uc 


All radioactivity determinations in this work were mace 
utilizing a Nuclear Instrument and Chemical Corp. end win 
dow tube of 1.4 mg./cm.* thickness in combinaation with a 
Radiation Instrument Development Laboratories Model 512 
decade scaling unit The tube was shielded with lead, the 
background ranging from 12-18 c. p. m The efficiency of 
this counting set up for C'* was determined as being 2 55 
itilizing a National Bureau of Standards C'™ Sodium Car 
bonate Standard 

American Cyanamid Co 


Sodium Alginate. Low Viscosity, Keleo Co... N. ¥ 
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Ihe drug was prepared and administered as pre 
viously described Thirty minutes later the animals 
sacrificed by decapitation, the blood being col 

und pooled in a gras ted centrifuge tubk 
The blood 


for thirty minutes 


were 
lected 


containing ammonium oxalate solution 
was centrifuged at 3,000 r. p. m 
nd the clear plasma removed by means of a pipet 
laining was added an equal 
} 


. 

To the red blood cells ret 

volume of distilled 
lowed to hemolyze for ten h 
The heart, lung, spleen, liver, adrenals, brain, and 


water in ich the cells were 


urs 


kidneys of the animals were removed, pooled, and 
nitric acid with the 


homogenates prepared in 10 
iid of a tissue grinder r! omogenates were pre 
pared such that a 0.250-ml. sampk 
ipproximately 10 mg. of dry weight of 
were prepared in duplicate 
activilies All 
ibsorption, back 


would contain 
tissue 
Tissue and blood sample 
for determination of 
samples 


their pecih« 


were corrected for eli 


and = efficien counting set up 
long to pro 
of 5' 

hgures 


ground, 
Counting was carried 1 ifficiently 
within mn error 

presents the da Phe 


ite deter 


vide results 


Table | 


DISTRI F SALICYLAMIDI 
MINUTES AFTER 
CARBONYL SALI 

Ral 


LE | Pissut 
AND Its MBTABOLITES THIRTY 
rHE ORAL ADMINISTRATION OF ( 

CYLAMIDE TO THI 


sthpie 
Plasma 
R. B.C 
Kidney 
Brain 
Heart 
Lung 
Sple« n 
Liver 
Adrenal 


DISCUSSION 
From the results obtained in the determination of 
the excretion of salicylamide and its metabolites it is 


clear that urinary excretion plays the major role in 


low level of 
feces is undoubtedly due to contamination by urin« 


this species. The ictivity found in the 
and does not indicate excretion of the drug by this 
route 

It appears significant that saliclyamide and/or its 
metabolites are found in brain 


ther tissues with the 


tissue in relatively 
higher concentration than in 
exception of the kidney This accumulation war 
rants further studies as a possible explanation of the 
higher level of analgetic activity of salicylamide as 
opposed to others of the 
reported by several authors (1-3 


salicylate group of drugs 


SUMMARY 


The 
from C'*-carboxyl salicylic acid by a modification 
et al 

ta 


synthesis of C'*-carbonyl salicylamide 


f the procedure of Mandel 8), has been 
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described Identification and radiochemical 


purity have been established by a combination 
of chromatography and autoradiography 

\ study of salicvlamide excretion during a 
twenty-four hour period following the oral ad 
Kg 


of C' in the presence of a non 


ministration of 250 mg of salicylamide con 


taining 2 


I pat 
ionic surfactant revealed that 96.9 per cent of 
the administered dose was excreted in the urine 
and that 0.61 per cent was found in the feces 

Phe 


metabolites in the 


salicvlamide and its 
the 


salicyl- 


tissue distribution of 


minutes after 
Kg. of 


35 we. of C'* in each dose and 


rat thirty 


oral administration of 250 mg 


amide containing 4 
i nonionic surfactant has been 
kidney 
adrenals, plasma, and the red blood 
the 


in the presence of 


determined for the lung, heart, brain 


uver 
cells 


and/or 


S} leer 
Dhe 


its metabolites was found in the 


greatest accumulation of drug 


kidney 


JOURNAL OF THE AMERICAN PHARMACEUTICAI 


ASSOCIATION Vol. XLVII, No. 8 


The relatively high concentration of the drug in 
the brain tissue is indicative of the ability of this 
drug to penetrate the blood-brain barrier to a 
greater extent than has been reported for the 


salicylates 
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A Histological Study of Some Mucilaginous Seeds* 


By MAHMOUD D. SAYED? and JACK L. BEAL 


A description of the morphology and histology of the seeds of Kentucky coffee- 


tree, thornless honey locust, and sweet basil is given. 


Mucilage is located in 


the endosperm of the first two seeds, and in the epidermis of the seed coat of the 


third. 


the 
pharmaceutical and therapeutic importance 


HE ECONOMIC IMPORTANCE as well as 


of certain ty f mucilaginous seeds is a well 
rhis histo 
mucilaginous three 
They are Gymnocladus diotca 
kentucky Gledttsta 
thornless 


pes 


established fact paper concerns a 


logical study of seeds of 
different plants 
L.) Koch., 


triacanthos | var 


coffee-tree ; 
honey 
basil 


seeds of these plants are of potential com 


inermts, 


locust; and Or hastlicum L., sweet 


Phe 
mercial importance 


mum 
since seeds of the first two 
possess a mucilage similar to guar mucilage while 
the third is more of the order of plantago seeds 
research 
stitution on the 
of the 
anticipated that the results will be published at a 
later date 


Current is being carried out at this in 
the 


mucilage of these seeds. It ts 


physical properties and 


chemistry 


KENTUCKY COFFEE-TREE 


Gymnocladus dioica (L.) Koch. of the Leguminosae 
* Received January 1958, from the College of 
macy, The Ohio State University, Columbus 10 


+ Present address: Faculty of Pharmacy, Cairo University 
Cairo, Egypt 


Phar 


family, commonly known as the kentucky coffee 
tree, is a tree 20 to 25 meters in height It has bi- 
pinnate leaves; the leaflets being ovate or oval and 
range from 2.0 to 7.0 The flowers are 
terminal racemes and are described as polygamous, 
regular. The fruits are pods, being flat and oblong 
with a very hard texture (1 

Morphology of the Seed.—Kentucky coffee 
beans, Fig l, are very hard button shaped seeds 
varying from 1.5 to 2.5 cm. in length, and 0.3 to 0.5 
in thickness The 
brown in color On the circumference, there is an 


cm. long 


cm seed coat is smooth and dark 
oval depression marking the position of micropylk 
and hilum, The rhe 
sperm is mucilaginous and swells enormously when 


seed is albuminous endo 
brought in contact with water 

\ longitudinal section parallel to the flat surface, 
Fig. 1,' shows a large circular cotyledon, filling most 
of the concavity of the 
radicle directed toward the micropyle The embryo 
is surrounded by a narrow translucent mucilaginous 
endosperm 

Histology.—The coat consists of an 
dermis, a hypodermis, an intermediate 
layer, and an innermost collapsed layer 

The « pidermi , 


seed, and a small conical 


seed epi 


(nutrient 
Fig 2, consists of palisade like 


1 The pictures in this 
Photography Department 


paper were photostated by the 
The Ohio State University 
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cells varying from 18.5 to 23.0u in height and from 
0.9 to 1.2y in thick: hey have thick cellulosi 
walls and are « red with a thick cuticle In sur 


face view, Fig. 3 ! pidermal cells appear px 


Longitudinal 
endospert 


Fig. 3 Isolated elements of Kentucky coffee 


ed Epidermis of seed coat in lateral view (Ep 





me im surface view Ep.); imtermediate paren 
ma (Par endosperm cells (End.); hypodermis 
teral view (Hyp.); same in surface view (Hyp 

is 


gonal in outline with circular lumina. The epi- 
dermal tissue was marked by a horizontal line which 
uppeared approximately 6.54 from the apex Phis 
was of some concern for it gave the appearance of 
the tissue being made up of two rows of cells; a 
long row and a short row joined end to end, rather 
than one row It was proved to be one row by 
neasuring the length of the cells while intact in the 
tissue and then measuring them after being separated 
from the tissue by maceration rheir length within 
the tissue and after separation was found to be the 
same indicating that the epidermal tissue consists 
é ; of one row of cells having the appearance of two rows 
f hee - oe In the study of the isolated cells, the appearance of 
Sale = ene LAA Y this line was not so distinct as in the transverse sec 
End JOG: (19 Wor \2°7 tion. It is probably due to a difference in the 
PS . refractive index of the cell wall in the particular area 
. This phenomenon is to be studied further at this 

institution 
The hypodermis, Fig. 2, consists of one layer of 
beaker cells having the shape of short-necked 
bottles, with cellulosic-thickened walls and narrow 
lumina which widen at both extremities of the cells 
assuming irregular triangular shapes Between 
these cells there are wide oval intercellular spaces 
These cells vary from 4.9 to 5.6y in height and 1.7 
to 2.34 in breadth (at the broadest part), and 0.6 
to 0.9% at the narrowest part (neck). In surface 


Fig Transverse section of Kentucky coffee Ay : 
, view, Fig. 3, they appear circular or oval in outline 


seed pidermis (Ep.); hypodermis (Hp.); inter : 
mediate parenchyma (Par.); inner epidermis of with stellate lumina 
seed coat (I. Ep epidermis of endosperm (Ep The intermediate parenchymatous tissue (nu- 


E 


End.); endosperm ( End.) «145 trient laver) consists of 9 to 12 layers of isodiametric 
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r tangentially elongated cells with thick cellulosic 


walls and narrow triangular intercellular 


cells « 
reacting for 


spaces 
amorphous granular contents 
with picric 


hese mtain 


protein by staining yellow 
test 


epidermis of the 


vwcid and brown with iodine solution 


coat, Fig. 2, 
This is 


rhe inner seed 


consists of one row of rectangular cells 
f collapsed parenchymatous 


sulfuric 


laver 
colored blue by 


followed by a 


cells which are iodine acid 


indicating their cellulosic nature 


rhe epidermis of the endosperm, Fig. 2, consists 
ls containing numerous minut 


Bee cle void 


f polygonal cel ileu 
rone grains that are free of any inclusion, i 
f crystalloids and globoids. The remainder of the 
ndosperm is formed of axially elongated cells with 
thick ind irregular lumina 
The following additional microchemical 
upplied on a series of sections of the seed 
The walls of the endosperm cells, other than 
swelled enormously when 
with water 2. Iodine test 
ntents of the epidermis of 
as the f the 
None of the tissue 
solution t Ruthenium red 
of the endosperm 5 
mtents of the 
ibsolute 


cellulosic walls 


tests 


se f the epidermis, 


brought in contact 


solution stained the ce 


the endosperm as well cells cotyledons 


vellowish-brow: stained 
blue with iodine test 
failed to 
Methy 


stain the mucilag« 
endo 
iulcohol 
7 The 
stained red with Sudan III 
the 
The 


lene blue stained the 


cells blue 6 Fuchsin in 
tained the content ft the endosperm red 

mtent f the embryo 
test solution. 8 Chlorzinciodine 


ell walls of the endosperm and embryo violet 


stained 


mtents of the endosperm and embryo cells stained 


l The ce ll W ills did 


yellowish-brown 9 
ositive lignin test 
ve tests one may conclude the follow 
cell walls nonlignified. 2. The 
f the endosperm contains aleurone grains 
remainder of the cells of the endosperm 
Che cells of the embryo con- 
grains 4. Starch is 


tissues 


were 
epidermis 
while the 
contain mucilage. 3 
fixed oils and aleurone 
of all the 


tain 
absent in the cells 
THORNLESS HONEY LOCUST 

Gleditsia triacanthos L. var. inermis of the Leeu- 
minosae family is commonly known as the thornless 
ioney locust The plant is a tree with bipinnate 
leaves, leaflets often The flowers are 
small and are in axillary or lateral racemes or pani- 
The fruit is a pod, linear, 2.0 to 3.0 cm. in 
length, curved, and twisted (2) 

Morphology of the Seeds.—The seeds, Fig. 4, 
ure oval varying from 0.5 to 1.0 cm. in length, 4.0 
to 7.5 mm, in breadth, and 2.0 to 5.0 mm, in thick- 
The seed coat is smooth and tan to brown 
in color. At one end of the seed there is a small 
oval depression marking the position of the embryo 
The seed is albuminous. The endosperm is muci- 
laginous and swells with water and aqueous re- 
agents. A longitudinal section of the seed, Fig. 4, 
shows a large flat cotyledon and a small radicle 
surrounded by a mucilaginous endosperm. 

Histology.—-The seeds of the thornless honey 
locust show the same arrangement and type of 
tissues as the seeds of the Kentucky coffee-tree 
The following are the important diagnostic features 
of the powder (Fig. 5) 


crenulate. 


cles 


ness 
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Fig. 4.- Honey locust seed. Longitudinal se 
tion parallel to the flat surface (L. S.); cotyledon 
Cot endosperm (End radicle (Rad lor 
tudinal median section (L. M. $ transverse 
surface (T.S x4.6 


Isolated elements of honey locust seed 
lateral view (E : 


Fig. 5 
Epidermis of the seed coat in 
hypodermis in lateral 
Hyp paren 

endosperm 


same in surface view (Ep 
same in surface view 
intermediate layer (Par 


x<110 


view (Hyp 
chyma of 
(End.) 


1. Cells of the epidermis are palisade-like and 
are 13.2 to 16.5y in length and 0.6 to 0.9, in breadth 
2. Hypodermal cells are basket shaped with cellu 
losic thickened radial walls. 3. Parenchymatous 
cells of the intermediate layer had cellulosic walls 
and were tangentially elongated. 4. Endosperm 
cells consisting of axially elongated cells with ir 
regular lumina and mucilaginous contents 

SWEET BASIL 

Ocimum basilicum L. of the Labiateae family, 
commonly known as sweet basil, is an annual plant 
much branched 30 to 60 cm. in height. The leaves 


are ovate, petiolate, 2.5 to 5.0 cm. in length, with 
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basil seed. Epidermis of 
view (Ep starch grains (St 
leurone grains (Al. Gr 


The flowers are whit« 
in moderately dense 
racem Ba t in Greek means kingly becaus« 
of its healing property $s native to tropical Asia 
and the Pacific islands (2 
Morphology of the Seeds.——The seeds are 
texture, ovoid in sh ipe, Varying from 2.0 to: mm 
in length and from 0.5 to 1.0 mm. in breadth The 
seed coat is dark brown in color showing a minutel 
pitted surface when viewed with a magnifying lens 


The seed is albuminous with an oily endosperm sur 


rounding the minute embryo 

Histology.-The seed coat consists of an epi 
dermis, a pigment layer, and an inner layer of larg« 
parenchymatous cells The epidermis, Fig. 6, con 
sists of large axially elongated cells varying from 
13 to 19.54 in height and 6.6 to 11.5 in breadth 
Their walls are cellulosic in nature. The radial 
walls are more thickened than the outer and inner Fig. 6. Transverse section in sweet basil seed 
tangential walls These cells swell enormously Epidermis (Ep.); pigment layer (Pig.); paren- 
when brought in contact with water and their walls chymatous lay er (Par aleurone grains (Al); 
stain blue to purplish blue with methylene blue endosperm (End 148 
indicating that they are impregnated with mucilage 
The lumina of the cells are wide and contain numer cells. They have thick-beaded walls with distinct 
ous minute simple and a few 2- to 4-compound ‘simple pits. Their contents stain red with Sudan 
starch grains In surface view, Fig. 7, these cells III and yellowish-brown with iodine indicating the 
appear rounded with circular lumina. Under presence of oil and protein respectively. The pro 
neath the epidermis there is one and occasionally tein is present in the form of oval aleurone grains, 
two rows of tabular cells containing a dark brown containing one and occasionally two crystalloids 
content which is responsible for the color of the seed but no globoids 
coat In surface view, Fig. 7, they appear polyg The embryo cells contain numerous aleurone 
onal in outline usually adhering to the cells of the grains ard oil globules 
epidermis and endosperm. The innermost layer of 
the seed coat consists of one row of large paren REFERENCES 
chymatous cells with thin cellulosic walls. The 1) Rydberg, P. A., ‘Flora of the Prairies and Plains of 
storage tissue in these seeds consists of the endo Central North America,’’ The New York Botanical Garden 
sperm and the two cotyledons 1932, p. 449 


on . “ P . . 2) Bailley, L. H., ‘‘Manual of Cultivated Plants Mac 
The endosperm, Fig. 6, consists of isodiametric millan Company, New York, 1949, p. 863 





Nonaqueous Titration of the Tetracycline Antibiotics 
and Some Commercial Preparations’ 


By F. YOKOYAMA and L. G. CHATTEN 


The application of visual nonaqueous titrime- 
try has been made to the assay of the tetra- 
cycline antibiotics and their commercial 
preparations. Determination is carried out 
in nitromethane-formic acid-benzene system 
using mixed indicator comprised of meth- 


ylene blue and quinaldine red. 
’ | "Hn 


of the tetracycline antibiotics has resulted in 


WIDE USE and the therapeutic importance 
an increased number of pharmaceutical forms of 
rhe 


maintained quality control has prompted numer 


these compounds necessity of carefully 
ous investigations into analytical techniques in 
in effort to cope with the problems which have 
irisen. In addition to the microbiological de 
termination using the turbidimetric and cylinder- 
plate methods a considerable number of fluoro- 
metric and colorimetric procedures have been 
proposed 1-12). On the other hand, very lit 
tle has been published on the application of non 
uqueous titrimetry as a chemical means of analy 
sis of these preparations. Sideri and Osol (13) as 


well as Ekeblad 


nation of some of the tetracyclines in glacial ace 


14) have reported the determi 


tic acid, but we have been unsuccessful in repro- 
The 
microbiological technique is still the most widely 


ducing satisfactory results by their method 


used, although many experts agree that the re 
coveries may deviate as much as plus or minus 
ten per cent from the mean value. 

The purpose of this study is to investigate the 
ipplication of nonaqueous procedures which can 
be readily performed by visual titration for both 
The 


work has been extended to include tetracycline, 


the free bases and their hydrohalide salts 


chlortetracycline, and oxytetracycline com- 


pounds 
EXPERIMENTAL 


Apparatus.—Five-cubic centimeter buret, 
ated in 0.01 cc. or 10-cc 
ce. ° elec tromagnetic 
(Model No. 9-311A) 
(Beckman No 
No. 9-312-25) 


gradu 
buret, graduated in 0.05 

stirrer; Fisher titrimeter, 
silver-silver chloride electrode, 
1264); and glass electrode (Fisher 


* Received December 27, 1957, from the Pharmaceutical 
Chemistry Section, Food and Drug Directorate, Department 
of National Health and Welfare, Ottawa, Ontario, Canada 

The authors express their appreciation to Dr. J. E. Logan, 
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Hygiene, Department of National Health and Welfare, for 
carrying out the microbiological and spectrophotometric 
assays. They would also like to extend their thanks and 
appreciation to Lederle Laboratories Division, North 
American Cyanamid Limited and Pfizer Canada for the 
generous samples of the pure antibiotics 


Reagents. 
tained from 


Nitromethane, 
Eastman Kodak 
collected between 100 and 101 
formic acid, 85 to 90%, A.C.S 
NV in dioxane, standardized 
phthalate, A. C. S.; mixed indicator comprised of 
0.1 Gm. methylene blue and 0.2 Gm. quinaldine red 
in 100 cc methanol hydrate, 
absolute B. D. H.); and mercuric P., 6% 
in glacial acetic acid, A.C. 5 * 


practical grade, ob- 
redistilled, fraction 
benzene, A. C. S.; 
perchloric acid, 0.05 
igainst potassium acid 


anhydrous methyl 


icetate, Cc 


PROCEDURES 


Pure Antibiotics.—Accurately weigh a sample of 
about 50 mg. into a 150-cc. beaker, dissolve in 50 cc 


of nitromethane containing 1 cc. of formic acid by 


stirring electromagnetically Add 5 c« 
1 cc. of 6% mercuric 
where a hydrochloride salt is to be analyzed, and 0.1 
the mixed Titrate with 0.05 N 
perchloric acid in dioxane to the end point indicated 
Each cc. of 
acid is equivalent to: 25.77 mg 


of benzene, 


acetate im glacial acetic acid 


cc. of indicator 
by the appearance of the green color 
0.05 N perchloric 
chlortetracycline 
chloride, 24.85 mg. oxytetracycline 
Pfizer) hydrochloride, 23.02 mg. oxytetracycline 
(Terramycin®, Pfizer) base, 24.05 mg 
Achromycin®, Lederle) hydrochloride, 
mg. tetracycline (Achromycin®, Lederle) base 
Commercial Preparations.—Capsules and Tablets 
Weigh and powder 20 tablets or weigh the con 
tents of 20 capsules 


Aureomycin®, Lederle) hydro 


lerramycin®, 


tetracycline 


and 22.22 


Place an accurately weighed 
sample equivalent to 50 mg. of the drug in a 150-c« 
beaker. Add 25 cc. of nitromethane containing |! 
cc. of formic acid and stir electromagnetically for 
thirty minutes. Filter through a Whatman No. | 
filter paper into a 150-cc. beaker. Wash the 
due with an additional 25 cc. of nitromethane Add 
of 6°% mercuric acetate in 
glacial acetic acid, and 0.1 cc. of the mixed indicator 
Titrate to a green end point with 0.05 N perchlori 
acid in dioxane. Where the formulation includes 
magnesium stearate, titrate to a blue end point 
before the addition of mercuric acetate, then add 
mercuric acetate and continue titration to a green 
end point 

Ointments.—(a) Chlortetracycline 
hydrochloride and Tetracycline 
drochloride ointments 

Accurately weigh a sample equivalent to 50 mg 
of drug in a 150-cc. beaker, add 2 cc. of formic acid, 
50 ce. of nitromethane, 40 cc. of benzene and warm 
on a hot water bath until the ointment is uniformly 
dispersed. Add an additional 10 cc. of benzene, | 
cc. of 6% mercuric acetate in glacial acetic acid, and 
0.1 cc. of the mixed indicator. Titrate while hot to 
a green end point with 0.05 N perchloric acid in 
dioxane 

(b) Oxytetracycline (Terramycin) hydrochloride 
ointment with polymyxin B sulfate 

Accurately weigh a sample equiy alent to 50 mg. of 


resi 


5 ce. of benzene, 1 cc 


(Aureomycin 
Achromycin) hy 


548 
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if benzene 
intment 1 
gnetically wi 
rosity sintered 
with 50 cc. of 
Omit suction, 
1e influence 
of form« 


acetk 


titrate 


gl acial 
or and 
i 


contain 250 
f nitromethane con 
stir electromagnet 
What 


through a 


A I-CC ve 


residue with 


the 


funnel 
of formic acid in a beaker, 


through under the 


ws 
ane and 2 cc 
the mixture to filter 
Repeat 


remainder 


with additional 
of the formic acid, 


ilculated 


gravit\ 
1 the 
l been « 


> 


ving such tha 
meg f drug Wash tl 
to a 


and make up to volume with n 


nnel with nitromethane, transfer 2+ 


flask itr 


50 mg 


umetr« 
aliquot equivalent to 
nitromethane t 
of 6% 
of the mixed 


wit! 


To an 
constituent add sufhcient 


5 cc. of benzene, 1 cc mercur 
lacial acetic acid, and 0.1 cx 
ritrate t 


1OTK 


a blue-green end point 
vcid in dioxane 
DISCUSSION 


virtue 
determined 


antibiotics, by of the second 
group, ¢ be by 
direct titration with a strong acid such as perchloric 
Both the free 
assayed, the latter being dependent upon the addi 
tion of mercuric acetate solution as reported by Pifer 
and Wollish (15 

Of the numerous solvents or solvent combinations 
investigated, the nitromethane-formic acid pair em 
ployed by Streuli (16), in the titration of basic copoly 


mers of the 


letracycline 


iry amine “an as bases 


base and the hydrohalide salt can be 


vcrvionitrile, was found to be most sati 
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methane 


t 


With the 


tew 


the pote 


H 
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benzene 
nitr 


with 
icid to 


combined 
of form 


wctory, particularly when 
The 


rddition of 2°, by volume 
uppeared to solubilize the compounds com 
und thus eliminated the of heat 
is sometimes found ary with glacial acetx 

With of untibiotics, addition of 

acid not effect complete 
uniformity of the 


ill instances 


yletely, usé which 
necess 
some the 
was required to 
in order t mainta 


} 


Nution but n 
used in 
vcid, the 


calculated 


iivent system, however, it was 


use of 85-90 I 
of 
approximately 0.55 
Pifer, ef a 15), 
no appreciable 


rmi 
uced was 


maximMutri 


amount water introd to he 


iccording 


sharpness of 
Pifer, et 


olvent 


ometrK 18 


with 


1 } } 
HIKE zen niore 


to 


mstant form, 


im if] many ¢ 


in incré 


potentiometric end point 


investigated, bet 


itisfactory 


St 


sed S electrods 
and glass w 


the prope mixture, the 


it 


silver-si loride 


mbination of 
und 


ver ci 


t better potentiometric break at thx 


give a 
unt in comparison t 
1 glass Another fa r of the f 

; that it is not nece licalls 


Lis known to be 


obtained with cal 
Tmiec!r 
replace 


mel electrode whi 


contaminated b e! uric acetate 


main difficulty suitable ind 
the in! 


h created a consid 


ing a 


iused by ellow color of the 


tic, wh erable decrease in 


irpness of the cok it the end point 


f the 


nge 
tor 
i I 


at 
a-naptholbenzein, 


ind uppeared to change 


| ntiometric end pr were 


uinaldine red, brom | blue, and tropaeolin 00 
the end-point change was 
For example, 


00 at the equivalence 


wever, with all 

d by the color o antibiotic 
usual of ts 

int was altered t« 


ult’ 


iske 
red lin 
to overcome thi 


Methylene 
the 


orange, and, 


were tried 
throughout 


he background color 


mixed ind 


hich remained unchanged 


is chosen t 1¢ t 


on W 


olin 00, when u changed from yellow 


orange, but wit! background 


the 
' 


was from green to pu i€ 


pre 


by meth lue, e corresponding 


which appeared to 
visu could 
the blank quite as 
less definite change, namely from blue-purple t 

The which exhibited 
e most satisfactory combination of 


wever, one not 


accurately becaus¢ { 


letermiuine 
+h 
the 


red-purple mixed indicator 


tl result was the 
methylene blue with quinaldine red where the color 
transition was from purple to blue, blue-green, or 
green depending upon the preparation The deter 
mination of the blank was improved with the 
change from purple to a definite blue. The pro 
portion of each component in the screened indicator 
was found to play 


istactory 


| 
aiso 


an important part, the most sat 
outlined under the heading of 
solvent of choice, be 
back as it did to some 


one being 
Methanol 
cause the color did not fade 


reagent was the 
extent when the indicators were dissolved in glacial 
acetic acid. The reproducibility of the results show 
that this solvent system and indicator combination 
is superior to that of Sideri and Osol (13 
enabled one to carry out only potentiometric deter 


which 


mination with some of the compounds 


With chlortetracycline hydrochloride and tetra 
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cycline base, the color of the indicator which coin 
cided with the potentiometric end point was blue 
ind 2 


that an increment of 0.01 cc 


However, it was noted 
of the titrant altered 
For visual determina 

tion it was believed that a change from purple to 

readily detected than the change 
from purple to blue. Hence, the green end point 

was selected with the full realization that it was 0.01 

ce. of titrant beyond the true end point. It was 

thought that the error introduced was insignificant 
ind was compensated for by the reproducibility of 
the results. However, with the tetracycline hydro- 
chloride and oxytetracycline hydrochloride the color 
of the indicator at the potentiometric end point 
was green (sec ; rherefore, with all 


as shown in Figs. | 
the color from blue to green 


green was more 


Figs. 3 and 4) 
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Fig. 1 —-Titration of chlortetracycline hydrochloride 
in nitromethane-formic acid-benzene system 
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2.—Titration of tetracycline base in nitro- 
methane-formic acid-benzene system. 
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the pure antibiotics, titration was carried beyond 
the blue to the green color. Potential changes at 
the equivalence point found to be 
mately 20 to 30 millivolts for each 0.02 cx 
perchloric acid 


were ipproxi 
of 0.05 N 
ro test the precision of this method 
5 to 10 consecutive determinations were carried out 
iddi 
between the results 
obtained by the microbiological and spectrophoto 
metric procedures. From the results recorded in 
Table I, one can clearly note the close agreements it 


and the standard deviations calculated. In 
tion, a comparison was made 


the recoveries determined by these three methods 
especially between the microbiological and the non 
aqueous procedures It is also apparent that the 
standard deviation is smallest with the nonaqueous 


method 
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Fig. 3.—Titration of tetracycline hydrochloride in 
nitromethane-formic acid-benzene system 
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Fig. 4.—Titration of oxytetracycline hydrochloride 
in nitromethane-formic acid-benzene system 
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PETRACYCLINE ANTIBIOTICS IN VARI 


AND SPECTROPHOTOMETRIC 


RECOVERIES OF THI 
MICROBIOLOGK 


ARISONS OF THI 


rHE NONAQUEOUS, 


Comr 
RMS BY AL, 


Antibiotic hot 


\ureomycin 
hydrochl 
Achromycin 
hvydr chi 
lerramycin 
vdrochlo 
omycin 
hydrochloride 

\ureomycin 
hydrochlorids 
mycin 


nve 
Achr 
ivdrochloride 
lerramycin 
hydrochloride 
with polymyxin 
B sulfate 


4 


106.5 +0.2 
is free base ( 


erri 
lorimetri« 
thod 


metric 


oride 
chloride 


ivent 


oubling 


DoSAGI 


wus 


METHODS 


Method 


3 det 


} det ‘ak 
CoH NoOg 
det 


Intravenous 
imyection 
Suppository 


lerramycin 
hydrochloride 
\ureomycin 


3 (6 det.) 


hydrochloride 


* Microbiological assays were carried out by the same techniqt as for pure antibiotics f ng the extraction procedure 


laid down in the reference 

+ Spectrophotometric assays were carried out by the same methods as for pure antibiotic 
given in the text of Grove and Randall (1) Single exception to this was the intravenous Terramycin hydrochloride 
analyzed by the ultraviolet method (1 


1¢s 


following the extraction procedures 


which was 
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Taace Ill RECOVERY OF THI 
FROM KNOWN CONTROI 


PuRE ANTIBIOTICS 
MIXTURES 
Re 
Compound Method 
Chiortetracycline 
vdrochloride 


Same as with YY Do 
ointment uy 56 
uu U7 

oO 40 
hydrochloride intment 99.51 


Tetracycline Same as with 


? 
100.70 
1 
i 


as with 99.19 

suppository 99 38 

100.0 

Control 99 29 

Chliortetracycline 99 42 
hydrochlorid 

Suppository 99.74 


. A 
ycline same 


Chlortetrac 
hydrochloride 


ited with the pure antibiotics, no alteration of 
recovery or behavior was noted during the titration 
Excellent agreement between the basic procedure 
Table I) and the control (Table III) appeared to 
uphold the validity of this Potential 
changes at the equivalence point were found to be 
ipproximately 20 to 30 millivolts for each 0.02 c« 
of titrant The titration curve for the Achromycin 
hydrochloride ointment is shown in Fig. 5 

The method was further modified for the terramy 
cin ointment because of the presence of polymyxin 
B sulfate. The latter compound was believed to 


cause a slight overestimation 


method 


Since the polymyxin 


B sulfate is insoluble in organic solvents, it was 


possible to separate the two drugs. The ointment 
removed by 


with benzene, leaving 


base was first preliminary treatment 
a solid residue comprised of 
the two antibiotics, and the terramycin hydrochlo 
was then extracted by nitromethane. Com 
plete extraction of the terramycin hydrochloride was 
substantiated by repeating the procedure on the 


white residue remaining in the funnel 


ride 


To ascertain 
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Fig. 5.—Titration of Achromycin hydrochloride oint- 
ment in nitromethane-formic acid-benzene system 
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that the benzene extract base contained no 


terramycin hydrochloride procedure was ré 


peated with the base a 


suppositories 


described in the section 
Potential changes at the 
were about 20 millivolts for eac 

When the 

aureomycin and achromycin oimtments was ipphied 
to this preparation, the recover) ided to be al 


end point 
of ttrant 
procedure 


which wa with the 


0.5°% higher than when 
method 
Since the antibiotic was in 
suppository base was removes 
ment with this solvent Th 
mained as the residue, was then taken up in s 
by allowing the solvent 
with the 
tract the 
glass funnel, it was found 
contact of the drug 
quently suction was not desira 


mixture to be in cor 


compound In order to completely 


antibiotic from tl 
with tl 
permitted to proceed by 


gravity 


no antibiotic was extracted during the remo 


the base, the benzene filtrate was evaporated a1 


the entire procedure was repeated 


with the residuc 
Assay of the control suppository i 
to the manufacturer’s formulatior 
pure compound by the similar method appeared 
uphold the validity of the procedure sy con 
Tables I and III one can clearly note 
agreement in the recoveries of the pure antibiotx 
when assayed according to the basic procedure and 
the modified method for th 
potential changes were 


volts for each 


suppository I 
ipproximately 20 to 25 milli 
0.02 ce. of titrant 
for this preparation is shown in Fig. 6 


hydrochloride 


Titration curs 


The Terramycin 
no difficulty 
lence point approximately 30 millivolts for 
each 0.02 ce. of titrant as shown in Fig. 7 


injection offered 
Potentiometric changes at the equiv 


were 


The results of these investigations of the commer 


cial preparations are outlined in Table II along with 
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ML. 0.05N. PERCHLORIC ACID IN DIOXANE 


Fig. 6.—Titration of Aureomycin hydrochloride 
suppositories in nitromethane-formic acid-benzene 
system 
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15 20 25 30 35 
PERCHLORIC ACID 


lerramycin hydroc 


nitromethane 


IN DIOXANE 


hloride in 


formic acid 


the calculated standard deviations. Generally 


better nt appears to occur between repli 


agreeme 


cates with the nonaqueous procedures than with 


microbiological or 


The 


spectrophotometric methods 
pr posed technique 


of Sideri 


seems to be preferable to 
und Osol (13) for both the pure com 
heir pharmaceutical prepara 


SCIENTIFIC 


EDITION 
SUMMARY 


\ nonaqueous technique has been devised 


for the assay of the tetracycline antibiotics which 


is accurate and can be performed visually 


he procedure has been successfully ap 


plied to dosage forms including tablets, capsules 


ointments, suppositories, and injectables 
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The Effects of Some Solid Buffering Agents in 
Aqueous Suspension on Prednisolone* 


By THOMAS CHULSKI and ARLINGTON A. FORIST 


The effects of aqueous suspensions of a number of solid buffers on prednisolone at 


37.5° have been determined. 


The steroid was adsorbed by magnesium trisilicate 
according to the Freundlich relationship. 


Magnesium oxide suspensions produced 


a first-order degradation of the steroid side-chain to the etio acid. Aluminum hy- 
droxide, calcium carbonate, and magnesium carbonate were without effect. 


several cortical steroid formula 


ae Or 


tions containing buffering agents have 


appeared. Granulation procedures frequently 


used in the 
olve 
ind ele) 


the eflects of 


manufacture of such preparations 


exposure of the ingredients to moisture 


ited temperatures. In order to predict 


such treatment, the behavior of 


prednisolone A'4-pregnadien-118,17a,21-triol 


},20-dione) has been determined in the presence 
sohd 


of aqueous suspensions of a number of 


buffers at 37.5 


* Received November 20, 1957 
Kalamazoo, Mich 

rhe authors are indebted to L. M. Reineke 
for the paper chromatographic analyses 


from The Up} 
pany 


and ass 


EXPERIMENTAL 


Materials. 
lows (a 


Ihe buffers employed were as fol 
magnesium trisilicate Po., U. S. P., (6 
heavy, U. S. P., (« 
S. P., 


magnesium oxide, aluminum 
hydroxide, gel dried, 
prec ipitated, I S.P . 
light, U.S. P 


by solubility 


d) calcium carbonate, 
ind (e) magnesium carbonate, 
The prednisolone was 99.829, pure 
The blue tetrazolium re 
3’-dianisole-bis-4,4’-(3,5-diphenyl) -tetrazo 
lium chloride was obtained from the Dajac Labora- 
tories, Leominster, Mass 


analysis 
> 


agent, 3, 


Procedure.—In preliminary 
the solid buffer were mixed with 15 ml. of an aqueous 
220 wg./ml.) in a 25 

The flask was attached to a 


studies, 500 mg. of 
solution of prednisolone (53 


ml. volumetric flask 
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Burrell 


constant 


wrist-action shaker mounted over a 

temperature bath and the flask and its 
contents immersed in the bath and shaken for thre« 
was permitted to settle for ap 
minutes, still in the bath, and the 
then withdrawn from the 
fiask through a glass frit by means of vacuum The 
resulting filtrate was analyzed for the conjugated 
carbonyl group of the steroid A-ring by ultraviolet 
l a-ketol 


pectrophotometry (243 my) and for the C 
l dification of the blue tetra 


ide-chain by the m 
lium procedure of Mader and Buck (1) described 


was leached with 


nours The solid 
proximately thirty 


upernatant solution was 


yclow Phe lid phast absolute 
analyzed by the 


Sus 


thanol and this solution likewise 
Itraviolet and 
f the 


ugh the above 


blue tetrazolium procedures 


buffers without steroid 


treatment in 


were also 
order to 
any extraneous materials 
The pH of each suspension 
determine 37.5° by means of a Beckman 
niel G pH meter with glass-calomel electrodes 
In the determination of the adsorption isotherm 
n magnesium trisilicate, equili 
filtration were as above However, 
applied to the fil 
studies had shown adsorption 


prednisolone 
n, and 
the ultraviolet analysis wa 
trates as preliminar 
of the steroid but no side-chain degradation 
he kinetics stt f the degradation of the 
side-chain in the presence of magnesium 
reaction mixtures were prepared as abov« 
Shaking was st minutes prior to the 
removal of each samplk \ portion of the 


supernatant solution was simultaneously withdrawn 


cide 
pped three 
small 
ind filtered through a glass frit by means of vacuum 
An aliquot of the filtrate (0.20-0.50 ml.) was imme 
diately removed with a micropipet, the time noted, 
und the I iddition of the 
ibsolute ethanol he result 
ing solution was analyzed by the modified blue tetra 
zolium procedure since preliminary studies had indi 
cated degradation of the side-chain of prednisolone 
with no adsorption 

The blue tetraz 


reaction quenched by the 
ample to 9.00 ml if 


lium procedure as originally 
presented by Mader and Buck (1) required ethanolic 
solutions of the steroid The modified procedure 
described below to accommodate the 
steroid encountered in these 
One milliliter of aqueous sample was mixed 
with 9.00 ml. of absolute ethanol followed by 1.00 

of diluted tetramethylammonium 

mi. of 10° 


liluted to 50 ml 


was devised 
iqueous solutions 


studies 


hydroxide 


} 


iqueous tetramethylammonium hy 


ibsolute eth 
00 mil. of blue tetrazolium reagent (0.5 


lroxick with 


ethanol rhe solution was mixed, color develop 


ment allowed to proceed for 
in the dark, and 1.00 ml. of glacial acetic acid was 
idded to color Absorbance of the 
resulting solution was then determined at 530 my 
reagent blank Under these conditions, 
color production in the alkaline solution was nearly 
maximal after thirty minutes, although it continued 
to develop for two hours. Upon acidification with 
glacial acetic acid, the color was st ible for at least 


seventy-five minutes by Nowaczynski, 


was thirty minutes 


stabilize the 


versus a 


is reported 
Goldner, and Genest (2 


DISCUSSION 


The ultraviolet analysis of the filtrates for the un 
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saturated carbonyl group of the steroid 
dicated the extent of 
degradation of the 
hand, the 


\-ring in 
adsorption but did not reveal 
labile side~ ul On the othe 
blue tetrazolium procedure for the a 
ketol side-chain did not differentiate adsorption fron 


degradation 


rherefore, t I mpletely the 


effects encountered, the inalyzed by 
both techniques 
Typical results for the five 


presented in Table I! 


buffers studied are 
From the ultraviolet analyse 
it may be seen that adsorption occurred on the mag 
trisilicate 
tetrazolium and ultraviolet 
no degradation w 


nesium Agreement between the bluc 


analyses indicates that 


asinvolved. Similar agreement w 


observed between the blue tetr 


lium and ultr 
violet ] 


inalyses of material leached from the solid 


trisilicate phase reby eliminating 


magnesium | 


the possibility of adsorption via degradation Phe 
idsorption isotherm for prednisolone on magnesiut 
trisilicate at 37.5° is in Fig 
range studied the isotherm wa near nd 
expressed 


hown l Over t 


uwccording to the Freundlic 


x/m= lOc! 


equatt 
where c is the equilibrium concentr 
tion (ug./ml ind’ x/m is the 


amount adsorbed 


ag. /Gm 


Errects or Soiip BurrerRiIno 
ON PREDNISOLONE 


Taste I 


isclone 
Buffer 
Magnesium 
trisilicate 
Magnesium « 
Aluminum 
hydroxide 
Calcium 
carbonat« 
Magnesium 
carbonate 


Comparison of the ultraviolet and blu 


lium analyses in the case of magnesium oxide 

1) shows that there was no adsorption of steroid but 
there was extensive From 
ition was first 
order in steroid and that the pseudo first order con 
stant (&") was independent of the initial steroid con 
centration and of the steroid-buffer ratio The 
high pH of the magnesium oxide suspension (Tabk 
1) suggests that the degradation was due to the hig! 
ilkalinity of the solution Petit, Pesez, and 
Berret (3) found that, in the presence of air and alkali 
the Co-Cy, bond of the a-ketol side-chain was split 
with the production of the corresponding etio acid 
and formic acid and with the consumption of tw: 
moles of base and one mole of oxygen 
confirmed by Herzig and Ehrenstein (4 
chromatographic examination of a reaction mix 
ture obtained with magnesium oxide in the present 
studies gave similar results. Prednisolone (I) was 
converted predominantly to 3-keto-118,17a-dihy 
droxy-4'*-etiocholenic acid (11) and to a 
degree to 4**-androstadien-118-ol-3,17-dione (III 
Removal of the steroid side chain to give the corre 
sponding 17-ketosteroid (III) has been reported by 
Mason (5) and by Wendler and Graber (6) and rep 
resents a hydroxide ion catalyzed dealdolization oc 
curring under both aerobic and anaerobic conditions 


side-chain degradation 


Fig. 2 it may be seen that the degrad 


Velluz 


This wa 
Paper 


lesser 
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CH,OH 


2) 
OH 


on 


Adsorption isotherm for prednisolone 


nagnesium trisilicate at 37.5 


nder the mditions employed, aluminum hy 
and magnesium carbon 
on prednisolone (Table I 


that the 


droxide, calcium carbonate, 


ite were without effect 
cortical 


steroids similar to prednisolone should not be exposed 


It may be concluded therefore 


to materials capable of producing an elevated pH 


during formulation 
SUMMARY 


The effects of aqueous suspensions of magne 
sium trisilicate, magnesium oxide, aluminum hy 
droxide, calcium carbonate, and magnesium car 
bonate on prednisolone at 37.5° have been studied 
Magnesium trisilicate adsorbed the intact steroid 
Magnesium oxide produced an alkaline degrada 


EDITION 


HCOO 2H,0 


3 4 
TIME (HOURS) 


Fig. 2.—First order plots of the degradation of 
prednisolone by magnesium oxide suspensions at 
7.6 \, initial concentration 310 yug./ml., & 

x 10? hr B, initial concentration 155 ug 

,&’ = 114 X 10° hr 


tion of the steroid side-chain Ihe other buffers 


were without effect 
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Copper Complexes of Aromatic Dithiocarbamates and 
Their Antifungal Activity” 


By WILLIAM O. FOYE, IVAN B. VAN de WORKEEN, Jr.,/ and 
JOSEPH D. MATTHES 


Phenyl and 2-pyridyl dithiocarbamate salts and esters have been prepared and found 


to form stable complexes, probably chelates, with copper (II) ion. 


The aromatic 


dithiocarbamates showed a low order of antifungal and antibacterial activity, but 


their copper complexes were practically inactive. 


This finding does not support 


previous postulations that antifungal dithiocarbamates exert their fungitoxicity as 
toxic copper chelates. 


NS at the duPont Comy 


pwvencsaanes 
} 


showed that derivatives of dithiocarbami 


wid «possessed antifungal and antibacterial 


properties, and a patent reporting the antifungal 
issued to Tis 


1954 The 


aC id 


of thiuram disulfides was 
Williams in 


dithiocarbamic 


dak ind 


] 


se Ve il 


activily ol! 
derivatives against 


Hall in 


was 


fungi pathogenic to man was noted by 


1938 im an later 
2 Within twenty 


discovery, the 


unpublished and 
studied by Miller 


their 


report, 
and Elson 
years of dithiocarbamates 
had 


pathogens (3 


become widely used for controlling plant 


The suggestion that metal chelation is a 
antifungal 
1943. He 


observed that the fungicidal action of oxine (8 


mechanism of biotoxic action for 


agents was made by Zentmyer (4) in 


hydroxyquinoline) was reversed by zinc ion, and 
at low pH, where the chelating ability of oxine 
weak, the showed weak fungicidal 


was oxine 


activity Shortly after, Albert (5) demonstrated 
conclusively that the bactericidal action of oxine 
is due to the formation in the cell of a toxic 1:1 


chelate with iron or copper. The copper chelate 
of oxine has subsequently found commercial use 
mildew-proofing textiles and paint. Goks#yr (6 
has also postulated that the fungicidal action of 
is due to the 


sodium dimethyldithiocarbamate 


formation of toxic 1:1 chelates with copper and 
zim 
ro test further the hypothesis that formation 
toxic metal chelates is a mechanism of fungi 
cidal action, a series of dithiocarbamate salts and 
esters has been prepared in order to compare the 
chelated 


Aromatic dithiocarbamates were selected 


activities of and nonchelated deriva 


lives 


for this purpose and also to determine the relative 


* Received February 13, 1958, from the Massachusetts 
College of Pharmacy, Boston 

Abstracted from the thesis submitted by I. B. Van de 
Workeen, Jr., as a requirement for the degree of Master of 
Science, June 1956 

t Present address 
University, Mass 

The authors are indebted to Drs. K. K. Chen and D. Flem 
ing of the Lilly Research Laboratories for conducting the 
antimicrobial tests and furnishing the results 


Chemistry Department Boston 


fungicidal pr 
mates, which have 
extent for fungicidal effects 


METHODS OF PREPARATION 


rhe ammonium salt of phenyidithiocarbamk 


was easily prepared by the method « 


t acta 
f Dains, Brew 


obtained by 


ster, and Olander (7), and esters were 
obtain 
2-pyridyldithiocarbamates was unsuccessful, how 
that 


received 


standard procedures. Use of this method to 


and a review of the literature showed 


have not 


ever, 
heterocyclic dithiocarbmates 
much attention In a review of the chemistry of 
Chabrier and 


no heterocycli 


dithiocarbamates by Nachmias (8), 
for instance, 


tioned. 


derivatives were men 


Only two references found in the literature 


preparation of pyridy! derivatives, and 


in only one of these was the product isol 


described the 
ited, but not 
mixture be 
4-aminopyridyl salt of 4 


characterized “his 
lieved to 
pyridyldithiocarbamic 
general formation 

Among the methods attempted for the preparation 


product was a 
contain the 
acid (9), in analogy to the 


f aliphatic dithiocarbamates 


of 2-pyridyldithiocarbamic acid derivatives was 
that of Camps (9) for the suspected salt of the 4 
isomer, using 2-aminopyridine, carbon disulfide, and 
ethanol, and also that of Klarer and Behnisch (10), 
who mentioned the formation of the 
2-pyridyldithiocarbami 


intermediate 
potassium salt of acid 
Both of these methods failed, as did two procedures 

has been used to obtain phenyl 
acid The latter 
use of alcoholic potassium hydroxide or aqueous am 


in which aniline 


dithiocarbami two required the 


monia in the presence of carbon disulfide and the 


aromatic amine 


The desired reaction was accomplished by first 


forming the sodium salt of 2-aminopyridine in non 


aqueous media with sodamide, according to Chichi 


babin (11 


suspended in benzene and 


and the isolated sodium salt was the 
allowed to react with car 
The product was found by analysi 


of 2 pyridyldithi , 


bon disulfide 
to be the 2 
carbamic acid, which is analogous to the product 
Camps (9) from 4-aminopyridine 
Esters of this acid, which were obtained by reaction 
of the salt with organic halides, were difficult to 
purify but did give nitrogen analyses approximating 
theoretical The dithiocarbamat« 
prepared and their properties are listed in Table | 


aminopyridyl salt 


described by 


salts and ester 


The reaction of copper ion with the salts and esters 


described above was carried out to determine the 
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apparent th I l of | 
Ly ldit hicx 
activit 


Sa tne igalt 


COPPER 


Ar 
2-Pvridy! 
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2-Pyridy!l 
Phenyl! 
Phenyl 


dia 


1 tests 


isher 
the 
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\ROMATIK 


Copper con 
used wert 
indicated tl 


irbamx 


ned 


nembered 


he pyridy 


TS 


were 
ries, 
yhhenyl- and 

essentially he 
: 


ms; 


while ihe 


LOMPLI 


addition « 
Johns blo 
K jeldahl prox 
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DITHIOCARBAMATES 


mpounds gene wed activity 


e organisms, and both were also ne 
1 number of other 
copper « wt ti 


i, showed essentially no ac 


Tganismis 


helates wids, on the 


1eS€ 


tivity toward the tes 


inisms Only inhibited 


was 


t f 201 


lates at a concentrati ) mcg 


g./mil 
tested This result 
do 


XK 


rivatives have 
that 
fungicidal action in the form of t 


implies dithiocarbamates not exert their 


copper chelates, 
although chelation of essential 
- 


copper in the organ 


i plausibie mechanism of action. Fur 


comparisons should be made with other 


wever il 


might be ! 


irbamates, h 


lithic 


though the compara 


ive results scured somewhat with 


weaker chelators or stronger 


intifungal agents 


18 DITHIOCARBAMATES 


N Analysis 
Caled Found 
13.938 13.42 
9 40 9 U4 
12.96 11.76 
7.00 6.96 
5.10 


Sih} 


Formula 
Hy NS Cu 
HyNSeCu 


Green-black Cc, 
Green-black Cs, 
Tellow-green CH gNeO,S,Cu 
‘ellow C,,Hy»NS,Cu 
Tellow-green C,H, NSeCu.2H,O 
d CaoglligN 


Om, Lu 


fate 
uncorrected 


ising selenized Hengar grat 
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TABLI Ill ANTIMICROBIAL TESTING OF 


DITHIOCARBAMATE SALTS* 


THE 


mil.> 
2-Pyridy! 
Deriv.¢ 


Inhibitory Concn., mcg 
Phenyl! 
Test Organism Deriv 
Staphylococcus albus 200) 200 
Bacillus subtils eh) DD 
WU ycobacterium tuberculos 5O 5O 
Klebsiella pneumoniae LOO 
Trichophyton interdigitale 100 LOO 
Shigella paradysenteriac 
Yanthomon 
Voniulinia fructico 


1s phaseol 
Ustilago avenae 

i/ternaria solani 
Fusarium monilif 
Colletotrichum ¢ 


iscochyta impe 


Sclerotinia bataticola ‘ SO 


* Carried out at the Lilly 
Fleming 

The agar dilution techn " the bacteria being 

ywerved for forty-eight hour ! * bacterial and fungal 

pathogens | 

> organisms having no 

affected by 200 mecg./ml 
Ammonium phenyldithiocarbamate 

# 2-Pyridylammonium 2-pyridylidithiocarbamate 


Laboratories by D 


vcing observed hours 


inhibitory levels indicated were 


seventy-two 


EXPERIMENTAL 


Ammonium Phenyldithiocarbamate.—The pro 
cedure of Dains, Brewster, Olander (7 
A 73°% yield of white powder was obtained 
melted at 92-93 Losanitsch (13) first 
described this compound as decomposing at 100 
Dains, ef al., list no physical constants 

Ethyl Phenyldithiocarbamate. 
0.016 mole) of ammonium phenyldithiocarbamate 
75 ml. (1 mole) of ethyl bromide were stirred 
ut room temperature for four hours. The mixture 
filtered, and the filtrate distilled 
reduced pressure The semisolid 
taken up in ether and allowed to crystallize, giving 
1.25 Gm. (41% 
60° 

p-Nitrophenyl Phenyldithiocarbamate.— One 
gram (0.005 mole) of phenyldithio 
carbamate was dissolved with gentle heating in 30 
ml. of distilled waier. Ethyl alcohol (20 ml.) and p- 
nitrochlorobenzene (1.0 0.006 were 
added, and the solution was refluxed for one hour 
\ light yellow powder precipitated after the solution 
a, 


and was 
used 


which 


Three grams 
and 


was was under 


remaining was 


of yellow-green crystals; m. p. 58 


ammonium 


Gm., mole 


cooled, giving 0.8 Gm 
SS- 00 
2-Pyridylammonium 2-Pyridyldithiocarbamate. 

A solution of 12 Gm. (0.31 mole) of sodamide in 50 
ml. of benzene was treated dropwise with 25 Gm 
of 2-aminopyridine dissolved in 175 ml 
with warming. The mixture 
fluxed for two hours and allowed to cool \ solution 
of 17 ml. (0.28 mole) of carbon disulfide in 50 ml. of 
benzene was then added dropwise with stirring, and 
the resulting refluxed with stirring 
for four hours and allowed to stand 
The yellow precipitate which appeared 


of product melting at 


0.27 mole 


of benzene was re 


solution was 
(mercury seal 


overnight 


THE AMERICAN PHARMACEUTICAI 


\SSOCIATION Vol. XLVII, No. 8 
was washed with ether and dried 
Gm. (86% Erratic results 
Kjeldahl determinations on this 
either selenium or mercuric oxide 


The yield was 30 
from 
using 


were obtained 
product 
is catalyst, but a 
carbon-hydrogen combustion analysis gave 
approaching theoretical The product 
taminated with sodium ion, however 
Ethyl 2-Pyridyldithiocarbamate. 
(0.011 mole 
and 75 ml 


values 
was con 


Three grams 

of the 2-pyridyldithiocarbamate salt 
1 mole) of ethyl bromide were stirred at 
room temperature for four hours. The mixture was 
filtered, and the filtrate was distilled under reduced 
pressure rhe red, oily liquid remaining was dis 
solved in ether, which was partially evaporated \ 
vield of 1.5 Gm. (68°) of red oil 
which decomposed on 


was obtained 
attempted distillation under 
reduced pressure 

p-Nitrophenyl 
gram (0.005 mok 


2-Pyridyldithiocarbamate.— On 
of the 2-pyridyldithiocarbamate 
salt was dissolved with gentle heating in 30 ml. of 
distilled Ethyl alcohol (20 ml 
nitrochlorobenzene 10 
added, and the 
\ green 


water and p 


0.006 mole 
solution was refluxed for one 
powder precipitated after the solution 
cooled, giving 0.15 Gm. (10° f product melting at 
128-130 

Chelation with Copper (II) Ion.—The 
procedure is representative. To 
of 10 Gm. (0.05 mole) of ar 
carbamate in 75 ml 


(m., wert 


hour 


following 
a filtered solution 
mmonium phenyldithio 
of water was added gradually, 
with stirring, a solution of 4 Gm. (0.025 mole) of 
copper sulfate in 50 ml. of water. During the reac 
tion the pH dropped from 8.3 to 5.3 \ yellow 
precipitate was collected, washed with water, and 
allowed to dry at room temperature rhe yield was 
9.0 Gm. (84% 
110° 

In the corresponding reaction with the esters, an 
organic 
esters 


and the product decomposed at 


solvent was used—acetone for the ethyl 
ethanol for the p-nitrophenyl esters 
After treatment with aqueous copper sulfate solu 
tion in which a minimum amount of water was used, 
the unreacted copper sulfate was removed by filtra 
tion. The filtrate was then allowed to evaporate to 


dryness to yield the complexes 


and 
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Chemical Investigation of Daemia extensa 


By S. PATTABI RAMAN and A. K. BARUA 


study of Daemia extensa is de- e solvent, left residuc 1 crystallization 
l \ rless crystalline com 


A chemical 
wqueous ethan 


scribed. From the petroleum ether extract 

of the whole plant, three triterpene com- 

a sterol have been isolated and 
characterized 


0.8 Gm. te 


pounds and 


n repeated 
ixture 


+é 


with etha 
Ticss needles 
lepressed the 
it of lupe 
84.44% 
Found 
benz 
be identical 
ermination 
Calcd tr 
Found . 
Fraction D on 
n from chlorof 
2-22 , which 
no change int when admixed 
iuthentk myrin acetate 
1 


uicd 


81.99 H, 


> 


determinatt 


S4.44 


rhis gave 196°, identx 


vrin benzoa 
in Caled. f 
und: C, 83.81% 
Fraction B was 
latogr iphed ove 
261-262 “ 
is shown to be 
He rt termination 
greed { nal.—Caled. fe 
Univer olleg f 
und: C, 83.69% 


microanalysis 
} 7 t " ‘ 
ko tae so This on hydrolysis gave lupeol 


rhus fr 


or the award . . 
K : hown to contain lupeol m the free state 
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Fraction C on 
us ethanol gave shining leaflets, m. p. 136-137 


repeated crystallization from aque 


1 


chloroform \dmixture with an 


1owed no change in 


C, 88 H, 
12.0% 
& t 

pyridine dride at 


icetate 


Caled. for 

Found: C, 81 >; H, 
he sterol 
ethod, m. p 


by the usual 


ilso furnished a benzoate 
143-144 
of an authentic sample of 8-sitosterol benzoate 

Caled for CysH,,O0 CC, 83.349 H, 


C, 83.32 H, 


which did not depress the 


Found 


Bromide Intoxication II. 


AMERICAN PHARMACEUTICAI 


I 
acetate, lupeol 
It appears 
previous 


pounds but mixtures of the above 


Plants Vol, 2, 1 Mohan Basu 


ASSOCIATION Vol. XLVII, No. 8 


SUMMARY AND CONCLUSIONS 


The petroleum ether extract 
| 


XR. Br., has been found to contain a-amyrin 


acetate, lupeol, and §8-sitosterol 


that the sterols obtained by 


workers were homogeneous com 


substances 
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Biochemical and 


Hematological Aspects* 


By IRA ROSENBLUM and THOMAS L. HAWKINS, Jr. 


Progressive bromide intoxication in dogs was 
shown to be accompanied by a decrease in 
the volume of the extracellular space and in 
the terminal stages by hemoconcentration. 
Mild and transient anemia and leukocytosis 
occurred in a number of dogs and the sedi- 
mentation rate was accelerated in almost all 
the animals. 


| D poet the fact 


toxication 15S 


that chronic bromide in 


re garded as being largely 
there is little evidence which 


that 


neuromtoxication, 


excludes the possibility other systems are 


affected. In a comprehensive review of the 
clinical literature of bromide intoxication through 
1940 (1) there was no mention of the state of 


kidney 


equilibrium, ete 


levels, 
Clark, 


2), have examined the effects of small doses 


liver and function, electrolyte 


icid-bas« then, 


; il 
tia 


f bromide on some of these 


since 


systems in animals 
Experiments carried out in this laboratory (3 
have demonstrated that dogs intoxicated chroni 
cally 


emaciated, 


with varying doses of bromide become 


lose weight, and otherwise show 


signs of systemic dysfunction although signs of 
neurointoxication are absent 


that 


his would sup 


port the possibility bromide disturbs the 


function of systems other than the central nervous 


* Received February 24, 1958. from the Department of 
Pharmacology and the Sub-Department of Hematology 
Albany Medical College Albany, N 

rhe technical assistance of Mrs. Norma Hurst is 
acknowledged 
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gratefully 


system rhe present experiment 


formed to assess the function 


systems during chron 


METHODS 


mongrel dogs of bot sexes were used 


Adult 
These animals were treated with a standard veter 


inary vermifuge ind inoculated igainst canine dis 
temper and hepatitis prior to the st 


They 


rt of the experi 
ments 
cages during the 
maintained on iet 


were kept in individual metabolism 


entire experimental period and 


of commercial dog food, 40 


Gm./Kg. of body weight per day, with water avail 


able at all times 


Because each dog was to serve as its own control 


in these experiments, biochemical and hemato 


logical measurements were made at least twice on 


each dog before administration of bromide was 


begun The 
intoxication in dogs produces signs which resembk 


course of experimental bromic 
those seen in man 
detail 


procedures were 


These have been reported in 


elsewhere (3 In these experiments two 


used to produce bromide intoxica 


tion. In one group of 4 dogs, intoxication was pro 
duced rapidly by administering an initial dose of 
100 mg. of sodium bromide per Kg. of body weight 
ifter three 
wees to 500 mg. of sodium bromide per Kg. of body 
weight per day These dogs were used in one hema 
tological experiment. Death rapidly in 
this group and all were dead by the end of the sixth 
week of administration of s« Slow in 


per day his dose was increased once 


occurred 


xlium bromuce 
toxication was produced in three groups, each of four 
dogs, by giving 200 mg. of sodium bromide per Kg 


of body weight per day initially rhis dose was in 





Biochemical Methods 


time, serum 
ably due t 
volume is 
re ised 
f derangemen 
ire import 
metabolism of 


f Schwartz, reas 
Hematological uremet I rotei nd carbohydr hat dysfunction of 
} - hh! ; 


Methods. 
raw! mt maciation 


vom l sy tr 


1 acit ‘ : i ‘ ual : ‘ 
= at ‘ ‘ . } os .r hese organs we 

These studies ind 
retention nor blood 
nitrogen were ignificantly during 
i le, the mean « 


> 


ention was 4 
gestion sodium bro 


blood urea 
und after 


gans were able to 

the blood glucose 

rol blood glucose, 

t weeks, SO + 10 
g./100 ml her valu vhich were essentially 
nchanged after twenty weeks of ingestion of sodium 
seven romide were serun l serum phosphorus, 
f sodiur carbon dioxid mbining power, and total 
ry coproporp 


Hematological. ma 
1 to those at seven and 


irements 


group a 
irison wit! 


tological values of the 


period are compare¢ 
nineteen weeks after administration of sodium bro 
port mn oO nid ’ ’ ide in Table II, in dogs which underwent slow 

the appearalr en 1 ht k . intoxication There was little difference between 
’ of th logs subjected to rapid in 


undiminished food intake the responses Se 
dogs at doses of brom no ot toxication and those slowly intoxicated and they will 


xicIty One cause i his apt 
] ] 


considered together 


1 reduction im the lular There is little definite information in the litera 
ire about the status of the hematopotetic system 


during bromide intoxication When high blood 
bromide levels are encountered in cases of human 
ition, the changes observed in the 

Howe eT 


this group of dogs, 
extracellular (thiocyanate) space , 


Kg ufter the seventh week of nges 
bromide it had fallen to 225 + 27 ml./Kg mide intoxik 
oietic system are equivocal (14 


did not however change 
] 


sma volume 
untly during this time and the serum electr mild anemia and 


en suggested that both 
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ER HEMATOLOGICAL VALUES IN DoGs BEFORE AND 
BROMIDE (Stow INTOXICATION 


occur . I ou of anemia 
bservation ould s 1 t ir this out changes in 
Erythrocytes. me decrease in erythrocytes was = ervthrocvtes 
dog ! 1 groups during the course of ment with thos 
ition inimals showed concomitant ited sedimentati 
ses il vemnoglobin and hematocrit values bromide intoxic 
f hemoglobin was approximatels is influenced by 
100 ml. which occurred in a dog in group two, teins, acceleratio 
fourteen weeks after administration of sodium bro imbalance in pl 
mice This dog's hemoglobin value gradually rose bromide intoxi 
toward the control value by the nineteenth week 
group orm showed losses of approx! 
100 ml. of hemoglobin six weeks after SUMMARY 
\iministration of sodium bromide was begun 
However, the anemias noted in most of the anim Phe progressive intox 
were not marked sodium bromide results in 


Leukocytosis.-Two of the dogs in group one the volume of the ext: 


showed striking increases in total leukocyte counts : 
- : + : terminal stages 
These dogs showed counts of 83,000 and 53,000, four 

weeks after administration of sodium bromide was ™®) be decreased 
begun. One of them died at the end of the fifth sium elevated as a 
week the other continued to show an elevated 9 Both mild unk 
leukocyte count at the seventh week and it died on 


the eighth week rhree of the dogs in group two 


leucocvtosis was obser 


Severe leukocytosis de 
developed leucocytosis 1 milder degree but this ere leuko le 


decreased to approxim the control levels by the Acceleration of the sedimentati 
nineteenth week There was litdle change in the in most dogs during bromide 
differential leukocyte counts in any of the dogs and 
no early cell forms were seen 

Bone Marrow.—Studies were made of the bone 
marrow of the dogs in group 2 Iwenty-eight 
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Synthesis of Epoxide Polymers of 
Steroidal Compounds* 


By W. F. HEAD, JR.,f and W. M. LAUTER 


A series of twenty ethylene oxide and propylene oxide addition polymers of ursolic 


acid and some of its derivatives have been made and characterized. 


In addition, an 


ethylene oxide and propylene oxide polymer of cholic acid and ethylene oxide poly- 
mers of vitamin A, vitamin D., vitamin E, cortisone, estradiol, and testosterone are 


reported. 


linked side chains by using glycidol and epichlorhydrin were unsuccessful. 


Attempts to prepare steroidal polymers with highly branched or cross- 


The 


most acceptable structures as determined from molecular weight and solubility data 


were determined. 


Percentage polyalkylene oxide content, solubilities, and mo- 


lecular weight or chain length distributions are presented 


its alkali 


metallic 


alkaline 


hay e 


earth, and 


ACID 


| pRsoutc 


other salts been examined 
ssible use as emulsifiers in various emulsion 
] ) 


products offers serious 


tor p 


intment, and cosmetic formulations 


however these 


none 


competition to the presently available surface 


rhe 
effectiveness of these salts is probably hindered 
hydrophobic 


aims of this investigation was to extend 


active ents used for these purposes 


ag 


their extreme character. One 


the 


the work previously done in the light of some of 


the newer concepts of the chemistry of surface 
active agents in the hope of obtaining a product 


or series of products derived from ursolic acid 


which are equal to or superior to those in present 
use 

The introduction of more hydrophilic groups 
into ursolic acid derivatives and similar com 
pounds would seem to facilitate their surfactant 
properties by bringing about a better oil-soluble 
the 


nonionic, polyalkylene o 


water-soluble balance within molecule 


Hydrephihe 
wt 


ide chains 
zed in this work because of their com 
of 
of these chains projecting from the 


were 


patibility with a larger variety materials 
The number 
virtue of two 
Con 


the degree of hydrophilicity can be 


steroidal nucleus can be varied by 


reactive centers existing in ursolic acid 


sequently 
by 


rhe intermediates were chosen so that the attach 


varied the use of the proper intermediate 


ment of polyepoxide chains could be controlled 


in number and position, thus producing a series 


of compounds which would orient themselves 


* Received December 5, 1957, from the College of Phar 
macy, University of Florida, Gainesville 
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Education Present Address Eli 
apolis, Ind 

The authors are indebted to Merck 
Schering Corp., Chas. Pfizer and Co., Inc 
for supplying the hormones used in this work 
Caribou Chemical Co. for their sample of glycidol 


A. S 


Indianapolis 


for 
Lilly 


Pharmaceutical 
and Co., Indian 


and Co., Inc., The 
and Organon, Inc., 
and to the 


| at various liquid-liquid interfaces 


Also, two epoxide mom 
polyalkylene 


were 


mers, which produce 


oxide chains with different hydro 


philicities used. These were ethylene 


the latter being less 


the 


oxide and propylene oxide 


As this 


formation obtained was extended to cholic acid 


hydrophilic work progressed in 


which is similar to ursolic acid in structure and 


properties, for purposes of increasing its own in 
herent surface activit 
Another facet of this inv 


ducing water solubility 


estigation, that of in 


normally insoluble 
the experi 


acid. A 


oxide polymers of various 


in a 


compound, was also suggested by 


mental data obtained ursolic 


using 
series of poly ethylene 
water-insoluble vitamins and hormones were pre 
pared with the hope of producing water-soluble, 
physiologically active materials. In this manner 


pharmaceutical formulation and dosage ad 


ministration problems might be minimized 
EXPERIMENTAL 

ind initiators, with 

all obtained from 

reputable manufacturers and were considered to be 

of sufficient purity to without further purifica 

tion 


Materials. — The 
the exception of ursolic 


monomers 


ic id, were 
ust 


Generous quantities of crude ursolic acid 
supplied by the National 
Hanson, Mass The 

50% ursolic acid, the 
of other triterpenoids, 
sterols, waxes, extraneous plant material, and color 
ing matter. Purification out 
methods, one employing decolorization of the am 
monium salt (3) and the other simply decolorization 
of an alcoholic solution of the free (4 The 
former method is somewhat longer but purer ursolic 
obtained after fractional crystallization 
The semipure product from the free acid decolori 
zation is obtained quickly and is probably 90-95% 
ursolic acid. Since the polymers produced are mix 


tures themselves, ilso considered 


were 
Association, 


contains 25 


Cranberry 


crude material 


remainder being composed 


resins, triterpenoid acids, 


was carried by two 


acid 


acid is 


this material was 
acceptable 
From the purified ursolic acid, various compounds 


were made so that be 


polyepoxide chains could 


56S 





rHE 
mediates have 

is follows 
cid ’ im ‘ ileum urso 
ursolyl 


C-2 (10 


late acet mic 


10), meth | irsoly mune 


and ursoly! 


Methods. 


ction 


ition 


ft these pols mer 


ick with initiator 


? ‘ Te 
cor < t rso derivatives, choli 


sponding 


hormones) and cata 


und he ibsence 


icid, and variou 
yst under 


was utilized \ 


; 


pressurt of solvent 
tainless steel bomb with snugly 
fitting, gl 
pacity, I 


vas used p oO mb w 


uss bomb liners of approximately 125-ml 
number S-66950, 


d with a 
pressure gauge 
In general 9 Gn é f of initiator 
italyst 


px llets, 


proximately 0.5 ) ‘ usually cru 


sodium hydroxide or hydroxide 
ind 5O ml 


well in the 


potassiun 


to 60 ml f epoxide it 20° were mixed 
and 
initiator was freel\ 
20 it was felt 


‘ omplete ly 


bomb liner, inserted into the bomb 


In some < the 
the 
} 


initiators which 


reated 

soluble in 
that 
soluble dissolved as the 
The pellets f alkali catalysts were crushed to pro 


ises, 
monomer even at 
those were not 

temperature was increased 


more catalytic surface area, although 


the 


vide 
slightly | 
Moisture, 


hy 


meant introduction o very 


quantity of moisture into the mixture 


in significant amounts, undesirable in t 


since epoxides with water to 


pro 
with 


processes I 
duce polyepoxides at a highly competitive 
the desired reaction For this reason, all mixing 
was done as quickly as possible and the hygroscopic 
alkalies were not allowed to be exposed to the ur 


ny 
longer than necessary 
As the 


increased 


temperature increased, the also 


ittempt was made to find that tem 


pressure 
and an 
perature which would produce a pressure maximum 


“peak- 


excess of 300 


150 psig. In some 


well in 


of approximately uses, 


occurred and pressures 


An indication of reaction 


ing”’ 
psig 
termination was considered to be a drop in pressure 
without alteration of heat 
with the more reactive initiators, a drop in pressure 
if 150 psi. took place within seven hours With less 
monomers or initiators a drop of only 10 
was observed after forty-eight hours or 

This did that 
material was not formed, rather that some monomer 
small amount 


were encountered 


some cases, 


input In 


reactive 
psi. to 20 psi 


even longer not mean polymeric 


remained unreacted Only a very 


of epoxide is required to maintain a high pressure 
und rarely did pressures fall completely to 0 psig 


without removing the source of heat 


At the 
monomer was 
the 


reaction, excess unreacted 
from the safety 

Products 
solids or semisolids or vis 
cous, liquids. In most slight 
coloration was imparted to the compounds and puri 
For removal of 
chloroform 


termination of a 


illowed to ex ipe 


valve and bomb was opened ob 


tained were either waxy 


oily cases a tan 
considered necessary 
heating a 
solution of the polymer mass with animal charcoal, 
the chloroform 


heation was 
this color, decolorization by 


filtration, and evaporation of was 
employed 

It was considered necessary to determine if a poly 
polyalkylene oxide, had 


ipplying the 


mer, other than a been 


formed This was accomplished by 
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Liebermann-Burchard test for 


steroidal nucleus to the purified polymer 


uldition, olubilit relationship 
used While 


were 


certam 


the xX wle pol 


duced completely water soluble, 


mixture of the polyethylene glycols, corresponding 


in molecular weight to that « he 


the 


polymer formed 


ind imitiator material, when dissolved 
the fo 


oxide polymers 


deposited nearly all of the initiator 


white precipitate rhe propylen 


were insoluble in water they 


posit 
control tests 


owever, 


initiator material as did the corr 


A series of reactions, using both « 


ind propylene oxide, was performed, in the presence 


of catalyst only, for varying periods up to seventy 

Phe 
It is improbable tl 
reaction other than that 


hours um formed was 
weighed 


have been formed from 


two unt of polymer 
it this polymer could 
an 
between the epoxide and trace amounts of water in 
the 
initiators were 
were constructed so that the amount of polyalkylene 


the 


catalyst, producing polyalkylene oxides, sinc« 


not present From these data, curve 


oxide in any of steroidal polymer masses could 
be approximated by observing the time length of tl 


reaction 
11ns linate at sore 
he 


of compounds was the number 


Polyepoxide « tern point i 


hydroxyl group unknown factor in this 


of these chain 


jecting from a given initiator This was usu 


termined by noting the number of hydrogen 


available for polymerization, appearing in tl 
ator not 
hindrance, h 

et 


ilwavs true because of 


during the course of a re 


The end hydroxy! gr ylymers wer 


method of 


ups of all p 
the Siggia (13 Calcula 
then based on the most likely 


lecular weight A 


termined by tl 


tions were structure 


determining the me udditional 
data, molecular weights were also determined using 


method with ch form as th 
these t' met! 
h other, the 


an ebullioscopx 
14 If 
support of eac 


solvent ods gave result 
structure 
chosen was taken to be the most ucceptable If the 
physical data did not the chemical 
method, the latter was recalculated using a different 


This 


changes the number of end group hydroxyls which, 


which were in 


igres with 


number of projected polyoxyalkylene chains 


in turn, causes the molecular weight value t 


when the same data used before are applied 
number of chains were not simply picked at random 
but had to be compatibk 


initiato#r 


with the number possibk 


using a given Recalculations were mad 


until the two methods were in agreement, then this 

some cases, the poly 
Therefore, for 
deter 


structure was accepted In 


mers were polyoxyalkylene esters 


these compounds, a third molecular weight 
mination was made using saponification data (15 

Agreement for one structure was then required of all 
In this way, the most 


weight f 


three methods of analysis 


and wr all 


acceptable structure molecular 
polymers were determined 

In order to determine the molecular weight dis 
tribution and the percentages by 
weight of the total polymer mass, a dis 
tribution, based on the determined average 
calculated (16) rhe 
units per polymer molecule, as 


corresponding 

Poisson 
molec 

average 


ular weight, was 


number of epoxide 








is represented 


the weig 


ners are 
ind I] 
structures for t 
is would be 
merizabl hydrogen « mn 
nitiators, with the exception 
lymer of acetyl ursolyl 
ly 


polymer of 











TION CONDITIONS AND PROPERTIES OF PROPYLENE OXIDE POLYMERS 


rsomic acid 


Ursolic acid 
I 


Sodium ursolate 
Calcium ursolat« 
Methyl ursolat« 
Acetyl ursolyl amid 
Ursolyl amide 
Ursolyl amine C-28 
Ursolyl amine C-2 
Cholic acid 

Crude ursoli 


A End grout d vi determination 
Rep 


ported « nits per polymer 
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merization reaction similar to the general method 
was carried out using this compound as the initiator 
After only 


compared to fifty-eight 


ind sodium hydroxide as the catalyst 


forty-eight hours at 110 
acetyl ursolyl amide initiated reaction 


obtained 


hours for the 

i polymer 
to isolate 
by Soxhlet 


mass was Attempts were 


pregnenalone acetate from the mix 


extraction hexane and by 


eparing the semicarbazone from an 


using 
p iqueous solu 
tion; however, these attempts failed It 
cluded 

} 


ome mechanism, become incorporated as a chemical 


was con 


therefore, that pregnenalone acetate had, by 


part polymer molecule 


It is possible that 


ethylene oxide reacted with the 


it from the 


‘ " 


active hydrogen of the acetyl group or tl 


ketonic group Hydrolysis also might have ox 
ind left place of the 
ucetyl group. A mechanism similar to the first is 
ethyl 


curred t hydroxyl group im the 


known to take place with the carbanion of 
wcetoacetate 17 


ited in Table I, the average molecular weight 


is determined by three methods are not 


10ugh to assign any one structure to the poly- 


mer and it is probable that a mixture of materials 


was obtained. Saponification and hydroxyl value 


molecular weight are based on a polymer whose 


unsubstituted acetyl 


ittached to 


initiator « 
group 
the amide 


ontains an tmtact, 


ind two polyoxyethylene chains 
nitrogen 

f this same initiator 
If the 
ind carbanion formation 
then the 
hindered 


rhe propylene oxide polymer 


s not show this apparent reaction course 
acetyl group remains intact 


assumes only 


locus of reaction is the 
The low 


might be explained 


secondary importance 
sterically 
vield obtained 


amide 
function of this polymer 
Additional sup 


failure of 


m this basis 


porting evidence was the pregnenalone 


acetate initiated reactions to produce any polymeric 


material with the less reactive propylene oxide 


The propy lene oxide 


' 
have onl) 


polymer of ursolic acid ap 
pears to one polymer side chain attached 
to the nucleus Che analogous polymer in the ethyl 
ene oxide series has long chains attached to both the 


carboxyl and hydroxyl groups of ursolic acid, while 


the propylene oxide polymer seems to contain a 


hydroxyl chain only A structure which contains 
me terminal hydroxyl group is the only one which 


data A 


polymer would not be justifiable, 


will correlate the analytical carboxylate 
since the secondary 
hydroxyl group on the original ursolic acid nucleus 
us performed in the 
unalysis for hydroxyl value) as would the hydroxyl 
group of the polymer chain Phe 
imposed on the carboxyl group by the methyl groups 


in positions 14 and 20, in addition to the more bulky 


would respond to acetylation 


steric hindrance 
nature of propylene oxide as compared to ethylene 


factors hydroxy! 
reaction to be pre ferable 


xide, are probably which cause 


and E, and 
estradiol, cortisone, and testosterone were prepared 


Since the polymers of vitamins A, Dz, 


primarily to see if they were water soluble, only the 


ethylene oxide series was prepared. All of these 
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soluble, vitamin A 
Whether the 


pharmac« 


polymers were water polymer 


solutions being opaque polymers 


logic activity of the 


initiator is being investigated 


have retained the 
respective 
Phe specific ier and re 


lables I and II 


xide polyme wert 


properties 


f each pm 


action conditions are summarized in 


ethy ke me 


Generally, the 


solids or semisolids, melting from 27° t 


being soluble in water and chloroform and sli 


y 
} 


solvents suc 
ind ether The 


soluble to insoluble in organi 


acetone, alcohol, benzene, hexane, 


propylene oxide poly me rs were all viscous liquids ind 


ind insolubk 


were soluble in most organic solvents 
in water 

Polyepichlorhydrin contains a ilarly repeating 
chloromethyl group whi ma reacted wit! 
linkage be 


If ursolic acid or it 


oxide to produce a her 


mhagnesium | 


tween individual chan is 
derivatives could be used to initiate the polymeriza 
tion, it too would appear intervals m this cros 
prop 


occupy a 


linked polymer. In order to investigate the 
erties of a 


comparatively large area 


polymer wh side chains 


with respect to ursoli 


acid, attempts were made to prepare these com 


pounds Various heating times, 
to 200 


temperatures uj] 
iluminum chloride, 
iqueous ind conce 


ind sodium hydroxide, 


metallic sodium, and ntrated 


were empl ved but the 


sulfuric acid as catalysts 
desired products did not materialize 
With the same purp: 
is the monomer Wl 
initiator, a secondary 
uddition to the 
Again 


It s th 


e in mind, glycidol was used 
ittaches to an 
is generated in 

primary hydr | group l 

were not 


present ucceptable 


tained ught th self-poly 


merization 1s a2 much mor redomit reactio 


than the reaction with ursé 
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Surface Activity of Ethylene Oxide and Propylene 
Oxide Polymers of Steroidal Compounds* 


By W. F. HEAD, Jr.,J and W. M. LAUTER 


The effects of the ethylene oxide polymers of ursolic acid, some of its derivatives, 
and cholic acid on surface and interfacial tensions and on the formation of oil-in- 
water emulsions and transparent emulsions are described. In addition, the cotton 
tape modification of the Draves test was employed for evaluation of these compounds 
as wetting agents. The propylene oxide polymers of these same initiators were 
found to be incapable of siding in the formation of water-in-oil or oil-in-water 
emulsions. These polymers were evaluated by preparing a series of water-in-oil 
ointments and by noting their effects on interfacial tension 


the preparation of a EFPECTS OF VARIOUS 
; AIN STANDARDS 
ned in structure to 


Ssurtace-active agen 
these polymers 
Ss were empk 
commercial pro Distilled Water 
Tween 80 
Aerosol OT 
ial Polyethylene Glyco 
EXPERIMENTAL Doivetiiviens Gives 


. 3 Ethvlene Oxide I 
Surface Tension and Interfacial Tension Meas- Trantie Beis 


> > ror ns mie or oO } ovr 
urements. —! the most common evaluation Ursonic Acid 
t u surfactant 1s to measure its Sodium Ursolate 
surface tension exerted by Calcium Ursolat« 
iqueous solutions of the Methy! Ursolat« 
series were screened Acetyl Ursolyl Amick 
Ursolyl Amide 
Ursolyl Amine C 
re . Ursolyl Amine C 
ight liquid petrolatum and Cholic Acid 
ned S +} no a : . 
BCG. wate tH . Crude Ursolic Acid 
span OU 


du Nouy tensiometer 


were collected, the solu 


Polypropylene Gly« 
Propylene Oxide Pol 
Ursolic Acid 
Ursonic Acid 
Sodium Ursolate 
Calcium Ursolate 
Methyl] Ursolate 
t were obtaine Acetyl Ursolyl Amid 
rsoly] Amide 
rsoly] Amine C-28 
rsolyl Amine C 
holic Ac id 


rude Ursolic Acid 


lvmers 
were dissolved 


n underlaid 


polyoxyethylet 
Aerosol O T diocty! 


ilong with the ethylene oxide 


I 
I 
I 
indard of comparison for the 
4 


lymers, a 0.1% solution of Spar 
tearate )' in light liquid petrola Data presented 
Polyethylene glycol and poly 
lutions were tested in a similar 
ri I see if the steroidal polymers were tested by the Draves method. The principle of this 
surface active Phe results are shown in test is the comparison of times required for the 
lable | complete wetting and sinking of a skein of yarn by 
Wetting Agent Evaluation.—-The capability of a solutions of the test material and some standard 
urfactant to be a good wetting agent is frequently Since a large number of readings are required for 


vccuracy, Various modifications have been suggested 
Recety Decem er 0, 1904 from the College of Phar rhe cotton tape modification of the Draves test was 
macy, Univer y of Florida, Gainesville 
This paper is based in part on a dissertation presented t chosen to be used in this work (1 Rather than 
the Graduate Council of the University of Florida, in partial 
fulfillment of the requirements for the degree of Doctor of Ss 
Philosophy trapped air, special cotton tapes of uniform speci 
t Fellow, American Foundation for Pharmaceutical Edu 
Present addres Eli Lilly and Co., Indianapolis 


using skeins of yarn which contain considerable en 


fications were used Iwo tape tests are adequate 


to give accuracy within 5%, while thirteen skein 


Atlas Powder Company, Wilmington, Del 
American Cyanamide and Chemical Corp., New York ° 
y racy Since only the ethylene oxide polymers ars 


tests are required to give the same degree of accu 


5067 
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this test could not be applied to the in percentage comy n of 


ingredients, 
propylene polymers One-tenth per cent tially tested 


rons containing 40 
lutions of { comparison standards and the vari eral oil, 5-7 polymer, and 53-55 
us polymers were used and their respective wetting made by mixing in a Waring Blendor f 
times taken at a temperature of 33 rhe results hese emulsions were much t wel 


ire shown in Table I" iny Significant differential compari 


Emulsion Tests..-The ethylene oxide polymers, he formula finally selected f 
which were designed for oil-in-water emulsification, sisted of 70% water, 28% minet 
were used in a series of emulsions and compared with sifier These 


Tween SO Several 


ingredients were 
emulsion formulations, varying Blendor for ten seconds; the « 
then passed twice through a hand 
The emulsions were evaluated immediatel) 
lasce Il.—-Wertinc Times or Erny_ene Oxipe Preparation and after two weeks stor 
POLYMERS AND CERTAIN STANDARDS rhis storage period is equivalent 
six months at room temperature 


ippearance, relative vis« 


particle size s obtained us! 


Distilled Water 
ween S80 r 
Aerosol O 7 Ill and I\ 
Polvethvlene Gh , Ointment Tests.— Sx 
Ethylene Oxide ! preparing 30 
Ursolic Acid 5 
Ursonic Acid 
Sodium Urs 


eter, and globule shap< 


sions using 


pylene oxide 
fying agents he ingredients 
minute in La Blendor 
hand homogs 
emulsions were good: complet 
took place within five minute 
Fi gross comparative 
Che ric Ac \« 


Crude Ursol cl portion of the formula c« 
n% beeswax, HOF petr 


I 
ointment formulation w 


concentra . 
nl (3 rhis mixture w 


ras.e ill CHARACTERISTICS OF EMULSIONS Mape Usinc Etuy_ene Oxipe Potymers IMMEDIATI 
APTER PREPARATION 


veneral 
yearance® 


ood 


Oxide 


Acid | ood 

Ursonic Ac ood 
Sedium Ur 
Calcium Ursolate 
Methy! Urs 
A 

solyl Amick 

rsoly! Amine C-28 

rsolyl Amine C 

holic Acid wood Round 


ude Ursolic Acid “nl a.é my Slightly distorted 
5O 


Attempts to make an emulsion using 2 ursolic acid as the emulsifier completely failed, even when the mixing time in the 
Waring Blendor was increased to one minute 

All of the emulsions seemed to begin creaming within one hour after their preparation On shaking, uniformity was 
readily obtained The emulsions were all white and creamy with the exception of the Tween 80 and the acety! ursoly! amide 
polymer emulsions which had a very faint yellow tint 

Determined at 31° using an Ostwald viscosimeter 





epared in the ethylene oxide series had calculated 
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EMULSIONS Mape UsinG ETHyLENE OXIDE POLYMERS AFTER 


STORAGE AT 45 


pvt Onxick 
mer ol 
Ursolix Acid 
Ursonic Acid 
Sodium Ursolat« 
bleeding « Calcium Ursolat« 
ranks of these on Methyl Ursolate 
' . Acetyl Ursolyl 
maratior ne er tv 
:, recorded in T bi V and Amide 
. ’ ote ? Ursoly]l Amide 


— Ursolyl Amine 

Transparent Emulsions. hr h ilymers C-28 

Ursolyl Amine 
C9 


TABLE \ NTMENT CHARACTERISTICS 


IMMEDI y AFTER PREPARATION 


t Very slight 
Bleedin tar 


HLB values (3) which indicated that they might 
sibly be utilized in the preparation of transparent 
emulsions The polymers involved were those ini 


tiated by ursolic acid, cholic acid, and crude ursoli 


4 typical fort ting of 1% 
Ver l, 15% emulsifier, id 84% water was selected 
Poor 2: 
Very poor 40% 
) >= OF 
I nad * - were 
(,00d rv sheht . 

. oben ign formed with all three polymer After twenty-four 
law UA” ' 1 i¢ 

. , hours, the emulsions were still well formed but not 
Good ery slight 


transparent hese results were not 


} rhe polymers were dissolved in the oil and 
water was added slowly with vigorous stirring 


Thin, white, nontransparent emulsions 
’ 


enuirely un 
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expected since the HLB values are merely indicative to lower interfacial tension hey were not, how 


of possibie application ever, as effective as Span 60 which was the standard 
of comparison 

In general, the ointments produced using the pre 
were ver 


DISCUSSION OF RESULTS 


pylene oxide polymers as the emulsifier 


had the poor in comparison with the standard Only on 


rhe ursonic acid-ethylene oxide polymer hac 

most profound effect on interfacial tension This polymer, the acetyl ursolyl amide-propylene oxide 
tension was 7.8 dynes per centimeter The lower the ointment pro 
of 30 dynes duced by this polymer was slightly inferior to the 


more stable and after 


polymer, was effective Initially, 


ing of surface tension was im the range 
oxide polymers standard: however, it was 


per centimeter with all ethylene 
two weeks storage at 45° was the best ointment in 


hese results are very favorable and comparable 
the series 


to the standards used 
On the basis of these results, it is believed that 


rhe calcium ursolate-ethylene oxide polymer was, 
by far, the best wetting agent of the series, although 
it did not approximate Aerosol O T. It was, how 
ever, much better than Tween 80 

On the basis of general appearance, approximate 
storage tests, the crude 
be simple and inexpensive Because of the expens 
involved, it is also important that, if possible, 
preparation of derivatives be avoided, even thoug 
Ts were more 


some of the ethylene oxide polymers have properties 
which would make them comparable with other sur 
factants on the market. If the purification pr 
cedure used for ursolic acid could be omitted and the 
Id 


particle size distribution, and product used, commercial production would 
calcium ursolate-ethylene oxide polymer also pr 
duced the best oil-in-water emulsion. Good emul 
btained using the polymers initiated 
by ursonic acid, ursolyl amine C-2, cholic acid, and some of the polymers of these initiat 

effective. Since the calcium ursolate-ethylene oxic 
mnise, it might be ad 


sions were also 


crude ursolic acid 
I he ethy le ne oxide yp ly mers of ursolic i id, cholic 
calculated HLB visable to attempt the preparation 


salt from crude ursolic acid 
The propylene oxide polymers do not seem 
sufficient merit to warrant further « sideration 


polymer, showed the most pr: 
cid, and crude ursolic acid had f this initiator 
values which indicated that they might be capabk 
of producing transparent emulsions. On prepara 
tion of some of these emulsions, this property was 
found to be lacking It should be pointed out that 


these compounds are atypical with respect to the 
f substances for which the HLB value cal REFERENCES 


to | 


types o 
ulations were set u 
. . sheep P 1) Shapiro, I im. D tuff R 
Of the propylene oxide polymers, those initiated 2) Lauter, W. M., private commun 
+) Atlas Powder Company A Gu ‘ 
Pharmaceutical Formulation with Atlas Product Wilm 
ic acid were best in the ability ton. Del.. 1953 


metic 


by acetyl ursolyl amide, ursolyl amide, ursolyl 


amine C-2, and chol 


A Polarographic Study of s-Haloethylamine 
Adrenergic Blocking Agents’ 


By ROGER MANTSAVINOS? and JOHN E. CHRISTIAN 


A polarographic procedure is described for measuring the relative rate of cyclization 
of the 3-haloethyl group of Dibenamine-like compounds to the ethyleneimonium 
form. This method is based on the rapid reaction of thiosulfate with ethylene- 
imonium ions. The thiosulfate reaction product of several compounds has been 
found to be polarographically reducible and with Dibenzyline and Dibenamine the 
heights of the polarographic waves were found to be proportional to various con- 
centrations of the reducible species. The polarographic waves appear to be ir- 
reversible and a two electron reduction has been postulated. 


amines (nitrogen mustards) are polarographicall) 


oe IMONIUM IONS formed by _ the 
cyclization of 8-haloethyl groups of Diben reducible (2), ethvleneimonium ions formed by 


the Dibenamine series of compounds are relativel 
unstable in solution (3) and do not appear to be 
mercury electrode 


amine-like compounds are believed to be re 


sponsible for the adrenergic blocking action of 
Although ethyleneimo reducible at the dropping 


these compounds (1) 
No reducible species could be de 


nium ions in solutions of aliphatic 8-chloroethy] (D.M.E.) 
* Received January 27, 1958, from the School of Pharmacy tected in 60 per cent ethanol solutions of Diben 
Purdue University, Lafayette, Ind . : .. . : 
+ Fellow of the American Foundation for Pharmaceutical amine or Dibenzyline buffered with acetate at an 
Education. Present address: Research Fellow, Department 


of Pharmacology, Yale University School of Medicine otf 7.0 However the reaction 


apparent pH 
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product of several ethyleneimonium intermedi 


Dibenamine pe, with thiosulfate 


polarographically reduciblk 
fate reaction, polarograph 
for measuring the 
f 8-haloethvlamuine 
and for determining 
reaciion 


1ote that although 


Dibenamine-like com 


graphically reducibk 


in a phvysicochemica 
und ethyleneimoniun 
hthylmethyl-2-chlor 
thiosulfate reaction 
ll 


i reducibl 


EXPERIMENTAL 


A Sargent Model XX] 
D.M.E. and 
electrolysis vessel 
lectrode 4 
For kine 


used t 


Materials and Appa 


wal arograph with a 


ratus. 


; 
Li 


rams, test 


minutes wit 


icetate buffe 


used 


NaeS.O, 5H.O was 


1c cnel ‘ ils 
thiosulfat 
ove extr 


were 
nirst 


before | 


neous water (5S 


stock 


samples ol 


veing 
solutions in 60 
8-haloet 
were generously supplied by the Smith, Klin 
Philadelphia 


» the limited aqueous solubility of these com 


standard 

Experimental 
imines 
und French Research Laboratories, 
Due t 


pounds a solvent of 60°) eth 


11 


wnol was used in all ex 
periments 

Kinetic Studies... Whenever 
to a solution containing ethvleneimonium tons, an 


thiosulfate is added 
instantaneous reaction occurs re sulting in the forma 
tion of an ethy! 


trated by the following reaction 


thiosulfate derivative (3) as illus 


H 


R»NCH,CH»5,0 t+ X 


iction occurs instantaneously, the rate 
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indirect 
of cyclization of a 8 
iloethylamine into the physiologically active ethyl 


of thiosulfate becomes an 


measure of the 


consumption 
relative rate 
polarographically follow 
entration of thiosulfate 
relative e ol 


enemmonium ion (6 By 
ing the change in cor with 
time, the cyclization of certain 8 


iloethvlamines was determined Phe 


wedure 


following 
rate of cycliza 
A solution con 
concentrate, 1.0 ml 
known 


10-2 M dium iosulfate 


was used measure the 
fi 1 number 
ining 20 mil. of aceta 
of > lriton X-l! nd a 


sa) Ox 


mount of 
in excess of the 
amine to be d) was degassed for thirty 


1 flask immersed in 


cond 


amount of 
minutes in a water bath main 
solution of 60°, 


is simultan degassed under similar 


mditions After solutions were deoxygenated 


iccurately weighed quanti f 8-haloethvlamiune 
degassed ethanol 
flask 
the e buffer-thiosulfate 


resulting luts 


was dissolved i con 


l 
tained in a 100-ml. volur K To this solu 
vdded 
und =the 


vith degassed ethar The 


was solu 


diluted to 100 ml 
final 
ite portion was placed in the 
olution compartment of a ( H-cell and 
irbitrarily 
zero time, a constant potential of 


S.C.E. was applied 


solution was 


nixed, and an adequ 
uritt type 


ussed for a final few seconds. At an 


hosen 0.025 
volt 


were mace 


nd readings of current 
functior time The impressed 
mi the plate 2u of the 
When the reaction 


evidenced by a steady 


tage corre sponded t 
thiosulfate polarogray 
was essentially con 

chart ntaining the 


current, the current 


; 


time curve 


orrected for dual current 


was ret 1 and the current readings 


before graphically 
; 


determining re velocit constants In all cases 


examined the process was found to be 


first period studied (not 


order 
minutes for 


velocity ¢ 


over t over 


thirty experiment Phe ac 
] 
cepted 


t three 


represents an averagt 


values of f curves constructed by 


! e natu log the limiting current 
rainst time A strai line 
e experimental } 
ence ol 


influence the progr the reaction 


was drawn through 
inspection (9 rhe pres 
mercury) ction mixture did not 
rate of 
Velox 


which the 
calculated 
mstants of 0 28 m for Dibenamine, 
0.0144 for n thylmethy])-N-ethyl 
8-chloroethylamine 0.00525 min for 1 


dibenzylamino-2-chlor ypane 


contains experimental 


cyclization of Dibenzyline was 


ity « 
min 
were obt uined when 


determined by this same method rhe above pro 


cedure is not applicablk » compounds such as cer 


tain bromo analogs wl cyclize at an extremely 


rapid rate nor to iodo mpounds which interfere 


with the recording of the thiosulfate wave 


Polarographic Determination of the Thiosulfate 
Reaction Product.—Th« 
fate reaction product of certain 8-haloethylamines, 
henceforth referred to as ET, well-defined 
polarographic wave D.M.E 
thiosulfate waves are obtained at more 


ethyleneimonium-thiosul 


gave a 
upon reduction at the 
Since anodi 
positive potentials than cathodic ET waves, both 
thiosulfate und «ET 
polarographically im the sam«< 


determined 
solution rhe fol 
lowing procedure was used for the polarographic de 
termination of the thiosulfate reaction product. An 
wccurately 


residual can be 


weighed amount of the amine hydro 
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ETHANOLIC THIOSULFATI 


Initial Concentration of Reactants 


0.0212 min 


n current of thio 
l gr aphi« ally from the 


ilfate a 


100 mil. of a 
was dissolved 
100-ml 
was solubilized 
1.0 mil. of 
of a fresh 
V sodium thiosulfate 


m Lio xX 


SLL solution, 


{t tf) 


contained in a 


etric flask 
mi. of 


rriton 


un LITLITM 


acet 
Xx 

solution of 

1 to the solution 

vas diluted to 100 ml. with 60° 


I i constant temper 


concentrate, 
i known excess 
k 107? 


tix 


vere adde« he resulting solution 
etl 

ature bath maintained at 25° + 
llowed to 


immersed 


inol, 


ind the reactior run to completion 


rhe 
mstant diffusion ct 
leg 
proximately 


s considered to | 
nt 
of 


reaction W ” complete w 


nen a 


wT was obtained by 
the 


lit 


electro 
assed volum 


O60 te l 


test solution from ap 
S.C.E 
pletion of the reaction, I olarograms of de gassed test 


zing a ¢ 


»vi On com 


solutions were recorded over this sam 


potential 

A blank solution containing the same vol 
josulfate as that contained in the 
was The 


umed was determined by 


pan 
of ti 


tion 


Lilt 
standard solu 
rmount of thiosulfate con 

subtrac ting the diffusior 
current of the residual thiosulfate 
from the diffusion current of tl 
blank solution, and 
Ire 
height-concentration 
thiosulfate 
tained samme 
sulfate to 
umount of thiosulfate « 


ilso run 


test solution 
thiosulfate in t! 


in the 
i¢ « 
then determining the equivalent 
concentration m constructed 
thiosulfate 
from data 
at which 
with the amine 
onsumed in the 
taken to be equivalent to the amount of ET in solu 
Table II presents experimental data demon 
strating the proportionality the diffusion 
current obtained by the reduction of ET, and both 
the concentration of the 
ial of 


nzv line Dibenamine 


a previously 
of 
constructed 


wave 
This 
ob 
thio 
The 


reaction Was 


curve 

curve 
the 

made 


was 
under conditions 


was react 


tion 


between 


reducible species and the 

In to 
was of interest to 
form 


concentration amine 
it 
8-haloethylamines would 
if the shapes of the 
for polarographic 
inalysis The results of such studies are presented 
Table III The experimental data of Table III 
were obtained by electrolyzing a solution containing 
an excess of thiosulfate and the hydrochloride of the 
compound listed. In all in well-cde 
fined polarographic waves were obtained the E 
values were found to shift to more negative poten 
tials with an increase in concentration 


addition 
und 
whether other 


ible ET 


reduction 


note 


reduc derivatives, and 


waves were suitabk 


In 


cases which 


The physio 
logically inactive compound, dibenzylaminoethanol, 
did not form a 
product 


Postulated Mechanism 


reducible thiosulfate substitution 


of Reduction.—A first 


0 x 10 


Vu 
Vl 


).0217 min 
k value 


ABLE II CALIBRATIOD 
[r FORMED IN THE Rg 
Wrirn Dire 


1) 
mM 

5D 

(Hh) 
Th ut 


tion of ET in sole 
+ Diffusion curre 


t 
: 


i» 


troae 


electron 
in reaction) may be 
calculations the Ilkovic 
Such calculations, however, presuppose a knowledge 
of the diffusion « of the 
going electrochemical reaction 

the reducibk ET 
value of » could not be 
A plausibk 
a consideration of the electronic 
the 


ipproximation « the number of mW 


volved an elec obtained 


from involving equation 


oe ficient substance under 


Since the diffusion 


coefficient of 
known, the 
the Ilkovic equation 
tion, derived from 
nature of the reducible 
following equation 


species was not 
calculated from 
electrode reac 


species is indicated by 


R, 
NCH,CH,S,0 
R 


R 
NCH,CH 
R 


rhe variation of E values with concentration of 
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bu ter 
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SUMMARY 


ographic method has been de 


vweasuring the relative rates of cycli 


f V 


Mechanism 1. W 


63, 
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Thiosulfate 
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Well-defined 


Residual 


Well-defined 
Well-defined 
Well-defined 
Well-defined 


Irregular 


an excess of thiosulfate 


lamine adrenergk 


from the re 


gically active Diben 


is with thiosulfate was found 


Ke COI 


well-ce larographic waves upon 


buffered with acetate 


pparent pH he diffusion current 


reductior f the thiosulfate sub 


products of Dibenamine and Diben 


found to be proportional to vanous 


was 


well 


the reducible species, as 


neentration of the parent 8 


hylamine of the mixture 


8-haloethyl 


action 
inactive 
l did 


thiosulfate 


not consume 


reducible sub 


\ two electron reduction has been postu 


und the ET waves appear to be irreversible 
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The Suitability of Barley as a Host Plant for the 
Cultivation of Ergot’ 


By V. E. TYLER, Jr.} 


Barley was inoculated with a specific strain of Claviceps purpurea using a puncture 
board and the resultant sclerotia were compared with those obtained from rye 


plants under similar conditions. 


As a host, rye proved superior to barley in terms 


of the percentage of plants infected and quantity and weight of the sclerotia pro- 


duced. 
of those obtained from barley. 


Likewise the alkaloid content of the rye sclerotia was slightly higher than 
It is concluded that barley is inferior to rye as a 


host plant for the cultivation of ergot. 


Secale L., continues to be recog 
official of 


Fries) although 


R ce real 4 

the source 
Claviceps purpurea (1) 
the medicinally useful alkaloids may be obtained 
Phis 
f rye as the most common host 


YE 


nized as sole 


ergot 
Pulasne 


from sclerotia produced on other plants. 
reflects the role o 
of the fungus 

rhe proclivity of rye toward infection in com 
parison with other cereal grains such as wheat, 
ul 


that 
under natural conditions infection by conidia is 


Triticum aestivum L., and barley, Hordeum 1 


L., 
ol 


re 
gare 


has been reviewed by Guggisberg | 
One the chief corsiderations is the fact 
chiefly confined to the flowering period, and rye is 
largely dependent on cross-fertilization which re 
quires the opening of the glumes and exposure of 
the Also, it 


that most of the flowers of wheat and barley are 


gynoecium has been established 


already self-fertilized when the blossoms open, 
and chance of infection with ergot spores is there 
by greatly reduced 

The characteristics of ergot existing as a natural 
parasite on various members of the Gramineae 
have been the subject of a number of investiga 
tions (3-5). Recently, Meinicke (6) has reported 
on the alkaloid content of ergot produced by the 
inoculation of various wild grasses with a specific 
strain of Claviceps purpurea 
experiments indicate that the host may influence 


The results of his 


the alkaloid content of the parasite in a quantita 


tive manner only. It is apparent, therefore, that 


quantitative reports of the alkaloid content of 


ergot sclerotia formed on different grasses are 


not comparable, one with another, unless it is 
known that both hosts were infected with the 
identical strain of the fungus 

With the advent of infection methods which 
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macy, University of Nebraska 

t Present address 
Washington, Seattle 

The author is indebted to Dr. John L. Weihing, Extension 
Plant Pathologist, University of Nebraska, for his assistance 
in obtaining the agronomic research plots used in this in 
vestigation and to Dr. Orrin J. Webster, Research Associate 
in Agronomy, University of Nebraska, for the barley seed 
employed 


1957, from the College of Phar 
Lincoln 
of Pharmacy 


College University of 


574 


are not dependent upon the periodic opening of 
the 


the blossoms of the 


various plants (7) and 


availability of specific ergot strains obtained from 


single-spore cultures, it appeared of interest to 


of p 
t} 


anoun 


compare the quantity and quality ergot pro 


duced by puncture-inoculation o 


rve and ( 
host plant under experimental conditions 
of if 


ducing plants about one-third of which were mak 


Phe availability a variety of barley, pro 


sterile and therefore quite susceptible to infe« 
i 


tion on theoretical ls, accounted fe 


groun 
lant to 
under field conditions with respect to its relative 


r its 


selection as the | be compared with rye 


suitability as a host for ergot 


EXPERIMENTAL 


Inoculation. Winter rye, 
bou and spring barley, Hordeum ¢ 
for male sterility, 


Set Var. ¢ 


ul , heterozygous 
were planted in rows 10 feet long, 
spaced 12 inches apart Phe for 
part of series of larger plots em 
ployed for general agronomic research and received 

Althoug! 
quite in 


ind related factors 


rows selected in 


oculation were a 


separated, 
terms of 
In order to 
obtain samples large enough to be significant, plots 
containing approximately 1,000 spikes of each grain 
were treated 
The inoculum 
inch X 8 inch culture tubes, containing slants of 
casein hydrolysate-mannitol-basic nutrient 
(8) solidified with 2% agar, 
ducing strain’ of ( burea originally selected from 
a mono-conidiaspore These cultures were 
prepared four to six weeks prior to need and stored 
at 25°, during which time a profuse mycelial develop 
ment took place Phe was then 
moved from 4-6 slants, depending upon the quan 
tity of growth present, homogenized in a Waring 
Blendor with a small quantity of distilled water and 
diluted to of 480 ml This 
constituted the finished inoculum which was applied 


no special treatment widely 


the two plots were similar soil, 


drainage, exposure, 


was by 


l 


i 


prepared inoculating 
medium 


with an ergotamine-pro 
pu 


isolate 


mycelial mat re 


this slurry a volume 
to the plants with a puncture board as described by 
Guggisberg (9 
this investigation measured approximately 12 X 13 


The puncture board employed in 


cm. and was set with eyed needles which projected 


! Supplied through the courtesy of Dr. N. Bekesy 


pest, Hungary 


Buda 
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needles were evenl) 


per Sq cil of be ird 


id matured 
were in the 


Ill b 


rye 
ints 
II, 


carried 


} 


ind 
out 
res might 


receive the 


ours during their initial 


spring 


inoculated, on 


barley was con 
June 
iving reached stages | 
is know! 


e emergence of the 


that barley 
or the moculation 

stage of develop 

were noted sub 
fungus appeared 

. honeydew 

Ith 


that 


being 
is been estab 
ergot sclerotia 
ifter 


ire 


content nineteen 
still in 
this 


was 


ugh they 

Ir Therefore, 
period of one month 
time to allow 
ilka 


uppre 


being sufhcient 


at le to Maximum 
mg enough to allow 
quantities of 
drying spikes of the plants 
ich of the 


f infectior 


ist 


large ripe 


spikes in { experi 
Procedures. otal spikes wert 


e number infected 


Analytical 


with tin 


were then separated, tie 
spike ted 


otia were counted, the 


ingle being n 


ind its moisture content 
method 12 
then ground 
Mill 

on duplic ite 

13 


iilled to a No. 60 pow 


nductometric 
uw ergot were 
Wiley I 


rned 
irried 


iboratory 
out 
ind Tyler 
issayed for soluble 
ilkaloids by the procedure of 
14 W soluble alkaloids 
gonovine and reported on the 
fat-free sample The 


water 


iter 


water 
ilculated as ergotoxine and 
Portions of 


used for 


as we;re ¢ 


sume basis the water 


t not 
witl 


issay were made 


ind these ethereal 
method of Mein 
e composition of the water 
The 


manner 


ether 


iphed by the 


determine th 

ction water-soluble frac 
chromato 
1:5 
15 
results of 


were 
ucetic acid-water } 
ind Schwarting 


Phe 


cribed by Tvyier 
ition 


rable I 


their compo 


ire recorded i 


DISCUSSION 


data indicate to barley 


in ergot host plant in terms of quantity and weight 


Phese rye is superior 


EDITION 


OF THE ErRGoTts PRODUCED 
AND BARLEY 


COMPARISON 
Rv! 


rasLe | 


Rye 
rotal no. of spikes 
No. of infected spik« 
Infected spike w// 


‘ 
ol 


AN 


sclerotia 
no sclet 
fected spike 
Max. no. scle 
fected spike 
Fresh wt 
Av. wt 


sclerotia (Gn 
of single scler: 
mg 

wt. of ergot pe 
spike (mg 

Moisture (% 

Fat a 
Alkaloid 
Alkaloid 


Ay 


water 
water 


Alkaloid identity 
sol 


Alkaloid identity 


insol 


OnovV ine 
Ergotamine 
complex 


ane 
a / 


Ergosine (little 
Ergotamiune (little 
Ergocristine 
cornine (faint 
Ergokryptine 


Ergo 
trace 
trace 


f sclerotia formed in the tot two 
of the 


sclerotia 


il plots Nearly 
spikes treated developed one 
in comparis to slightly 
fifth of the barley spikes, and the yield from the 
plot was more than double that of 

basis rhe individual rve sclero 
larger contained a slightly 
of barley al 

mposition of the alkaloidal 
On the other 
infected 
per spike than the 
his seems to indicate that the differ 


ence in these two plants as host 


thirds rve or 


more more than 
nie 
entire rye the 
barley on 1 weight 
tia slightly 
higher alkaloid « 


though the qualitative « 


were 
onten than those 


mixture of both ergots w lentical 


the 
produced more 


hand, barley plant h did become 
sclerotia 5.5 
rye (av. 3.3 
s for ergot is due to 
the greater susceptibility of the rye to infection, even 
both 


which circumvents the effects produced by 


when are infected by an injection technique 
differ 
ences in flowering habits. Apparently this greater 
susceptibility applies to the rye plants as a group but 
necessarily to the individual since 
fected plant the 


ergot sclerotia both in number and total weight than 


not a single, in 


barley vielded, on average, more 


1 Single infected rye plant; however, fewer barley 
plants in the group became infected 

Ihe reasons for these differences in susceptibility 
of the two plants I ilthough the 
of the barley 


not without influence, particularly on the 


ire obscure sterile 


character variety of employed was 
probably 
number of sclerotia which developed on the indi 
vidual barley spikes. Garay (16) has investigated 
of the factors which affect the germination of 
ergot conidia with reference to the host plant. Hy 


drogen ton concentration and osmotic pressure were 


Some 


shown to have marked effects on germination, but 
no stimulation could be shown to result following 
treatment with extracts of The same 
extracts, after autoclaving, did stimulate growth of 
saprophytic cultures of ergot, thus confirming the 
report ind Youngken (17 


rye tissues 


of Berman The impor- 
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tance of these various factors with reference to this 
experiment is merely speculative, but they may be 
used as a starting point for further study on the suit 
ability of various cereals as hosts for the cultivation 
of ergot 
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A Quantitative Papergram Assay Method for 
Prednisolone in Tablet Formulations* 


By P. D. MEISTER, C. A. SCHLAGEL, J. E. STAFFORD, and J. L. JOHNSON 


The quantitative assay of prednisolone in tablet formulations herein described in- 


volves separation of the steroid from the nonsteroidal tablet components by 


chromatography. 


aper 


Elution of the steroid spot from the papergram with methanol 


is followed by measurement of the ultraviolet absorption of the eluate at 224 mu, 


244 mu, and 260 mu. 


The absorbance values measured at these three wavelengths 
are used to calculate the true steroid concentration. 


The computation provides 


correction for the small but significant amounts of ultraviolet absorbing materials 
which are invariably present in the papergram eluates. 


NEED for an assay method specific for 


tablet 


T= 


prednisolone 


became apparent when 


formulations containing prednisolone, acety] 
salicylic acid, and an antacid were subjected to an 
accelerated stability study at 70 In this study, 
assays by the conventional triphenyltetrazolium 
assay showed that, after an initial decrease, the 
prednisolone concentration appeared to increase 
upon prolonged exposure to 70° (1) rhis ap 
parent increase indicated the formation of a re 
ducing substance in the dosage form during the 
course of the heat stress 

rhe principle of the procedure described in this 
paper evolved from the methodology previously 
developed in our laboratories for the quantita 
tive assay of progesterone in the presence of lla 


) 


hydroxyprogesterone (2). The present method 
involves the paper chromatographic separation 
of prednisolone from major undesirable compo 
nents followed by spectrophotometric measure 
ments at three different wavelengths to compen 
sate for minor amounts of nonsteroidal absorbing 
substances in the eluates 

* Received November 20, 19057 
pany, Kalamazoo, Mich 
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EXPERIMENTAL 
Reagents and Material 


Reagents.—Chloroform, A. R 
Chemical Works 
mercial Solvents C 
ilcohol, A. R 
propylene glycol, 
Chemicals Cor; 
(Dow Chemical “ompany 
linckrodt Chemical Works 
I. DuPont de Nemours & Co.); prednisolone 
Cortef® (Upjohn brand of prednisolone 
solution: 1 mg./cc ind chroma 
tographic paper, Eaton Dikeman 613, 6 inches X 23 
inches 

Apparatus. —Semimicro 
in these laboratories; 


ibsolute eth 
orporation 

Mallinckrodt Cl 
vy. a © 


methyl 
Works 
Carbide and Carbon 
dichloride, 99%, 
toluene, A. R Mal 
cid, C. P I: 
Delta 
standard 


ibsolute 


emical 
ethylene 


cet 


in 95% ethanol 


constructed 
spectrophotometers a Beck 
man Model DU and a Cary Recording spectropho 
tometer Model 14 were employed 
pipet graduated in 0.01 cx 
gram scanner (3 


evaporator 


pipet 0.2-c¢ 
(MISCO); and paper 
Development of the Papergram Assay Procedure 


Previous experience has shown that the 


ment of a 


develop 


quantitative paper chromatographic 


assay consists of the following steps 


Selection of a suitable solvent system The solvent 


system of choice, besides giving as complete as 


! Dr. T. Chulski of these laboratories showed this mate 
rial to be 99.82% pure by solubility analysis 





OCTENTIPIC 


cluate 

f f , 
ultraviolet ibsorpti t 
expected to result fr 
nts (2 is we 


ingredient 
of the back 


vide for it 


ae veloped 


be 


Selection of a Papergram Solvent System. 


Cow _ rredni 


stigatec 
system of Zaffaroni 
ucetic acid (PTFA 
on of muxture 
sa lic vii icid ¥ 
S100 
> glacial aceti 


urated with pr 


Quantitative Determination of Nonsteroidal Back- 
ground Absorption Resulting from the Elution of 
Papergram Blanks. A empt sheets proper! 
nwwretreate vith the stationarv 1 were developed 


After a 


were cut 
11 


I size and were 

nmeyer flasks wit! 

he ultraviolet absorption 
d with the Cary spectr 


re given in Table I 


Quantitative Determination of the Background 
Absorption Resulting from Nonsteroidal Formula- 
tion Components.— Forty 
the PTFA 


hours of development or 


gave excellent separation of 
sali lic acid lo determine 
rieret from minor amounts ol 
mpounds six tablet formulations 
contained all the ingredients 
which differed from each 
bohydrate component 


ets were extracted with 


App n y equal 


iliquots of the extraction 


residues loroform solution were applied to paper 


strips nd he strips were developed and processed 


EDITION 


BACKGROUND ABSORPTION RESULTING 
BLANK PAPERGRAMS 


raBle | 
FROM THE ELUTION OF 


A 20) 
bear) 
0.019 
0 OO4 
1) OO 
0. O20 


0 OO 


were cut from the dried 
ize and position 
reas occupied by 

issay procedure I 


eluates was 
1otometer Vis 
indicated that all of 
maxima 


Il BACKGR ABSORPTION RESULTING 
PAPERGRAM ELUTION OF NONSTEROIDAL TAB 


gram 
po 1ates 
Carbo i te ap 4 A 244 4 200 
hydrate i t t mys my 
Starch 
Lactose 52 : 9 022 0.014 
Methy! 
cellulose 014 
Sucrose 4 5 : OOR 
p-Sorbitol 5 : 020 
Dextrose i i 004 
Dextrose I { 2: O16 O.O15 
Average Ratios 4 260 mu 2.04; A 


44 


244 myg/ A 260 mu 


042 0.089 


0.012 
0.007 
0.013 
0.002 


These values have t ‘ ted for the 
orption (cf. Table t« 1 wavelength 


Determination of Steroid Recovery.—-Two ali 
quots of a methanolic solution containing 4.00 mg 
of prednisolone were ipplied to the paper in the 
method 
After forty hours development in the PTF A-system, 
each prednisolone spot was eluted from the paper 
with 30 ml. of methanol 


trations were determined 


manner described under the final assay 


Che prednisolone concen 
it 244 my and the values 
corrected for the background absorption 
luted from the Table I [wo sets of 
experiments each consisting of six determinations 


iverage 
paper (ct 


gave an average recovery of 95.1% which is in good 
igreement with the previously reported recovery of 
progesterone (2 

Calculation of Prednisolone Concentration in 
Papergram Eluates.— Formula | —While the paper 
gram eluates contained three ultraviolet absorbing 
components (x, y, and z, below), only the concen 
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tration of the steroid was of interest. This required 
ibsorbance wavelengths and the 
se of a general three-component equation for the 


ired steroid component, 


readings at three 


r, in the three-component 


tem known The 


steroid 


according to procedures (5 


equation for the concentration was thu 


1 


W ere x 
ubsorption of the paper blanks 

contributed by tablet 

! ibsorbance; C = 


liter nd _ »4 


ibsorption due to prednisolone 


absorption 
nonsteroid components 
ibsorptivity concentra 
tion in Gm 244, 260) 1 


re pectively 


ibsolute 
ind of 
ratio values derived from I 
for 
reference data for prednisolone in methanol are 


since reese 


in the 


the 


I quan 
tities of 


the 


components y no interest 


ind II ire 
substituted the The 


corresponding a-values 


‘ ( . > 92 70 
“ 12; a y = 28.7 


With 


tained 


these following equation was 


5OA 


is 


where ¢ concentration of prednisolone 
the equation of th 
steroid from the 
the final form of the equation 


in Gm./L 
95.1% 


papergram 


Incorporation 


the 


into 


recovery of gave 


1.95A 0.644 
14.72 


his formula was applied to the determination of 
prednisolone in stability samples of a large number of 
tablet formulations Phe 
that in instances 


assay 


results showed conclu 


sively many the triphenyltetra 


zoliun gave higher 
papergram assay 
therefore 
more stable formulations 

Formula II 
double 
bility 


potencies of prednisolone 


than the rhe results of the paper 


gram assay, were used to screen for the 
‘his screening process showed that a 


compressed tablet possessed 


excellent sta 
properties. It was considered necessary to 
determine the background absorption of this specific 
formulation to increase the of the method 
for the assay of the stability samples. Steroid free 
therefore, and subjected to 70 
and Extractions of the tablet 
the extracts, and 
determination of the ultraviolet absorption of the 
papergram eluates gave Table 
Ill 

When these ratios and the 95.1% recovery value 
were incorporated into the above mentioned general 
equation the following formula was obtained 


rccuracy 


tablets were, 
for 24, 48, 


paperchromatography of 


made 
72 hours 


cores, 


the values listed in 


105A 


21.36 


0.44A 
Eq 


This formula was used for the results discussed 
and analyzed in the subsequent paper (6 


Final Assay Method 


Tablet Extraction. tablets taken as 
the sample for analysis to reduce sampling error 
rhe the 


Ten were 


cores contaming steroid were separated 
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ASSOCIATION 
from the outer 
rhree aliquots were weighed 
responding to three 
was used for 


coat, weighed powdered 
iliquot cor 
tablets ! I liquots 
the papergrat 

two tetrazolium assa 


Phe 


ocedure 


was slurried in 


aliquot 


water and 2.5 «x D | 
tion The 
30 mi. of 
were evaporated im the sem 


acted 


slurry was 


extr 
chloroform, 


respectiy 


residuc was transferred 
flasks with small 
a Bef 
kK i¢ h 
stream of purified nitrog 
flask. The final volum 
Paper chromatography. 
made from 0.1 cc. of the 
to the 


occupied a site 


imount 
mixture of chloro 


transfer volume w 


origin ol 
fcn 
that 2-cm. and 3-cn 
each spot ind the 

tween the two spots 
papergram was devel 
jar After 


ment, the 


ipproxim 


sheets were 


ment chamber, dried t 
it 105 
Reineke (2 
An aliquot of the 
spectrophotom 
Phe 
duplix ite ul 


Table I\ 


ind processed 


DI 
ibsorbance 
the 


given in 


Ill NONSTER 
RESULTING FROM 
SPECIFIC 


TABLE 
TION 


MDAL BACK 
PAPERGRAM 
rABLET FORMU! 


Sample 
1A 
1B 
2A 
2B 
3A 
3B 
Average 
A 244 


Ratios y 
ing/A 260 my 


These values were tl 


thus 


len equation 


Cprednisolom 
0.07 X 0.642 + 1.05 * 0 


21.36 


* Gm 


The concentration of prednisolone for one tablet 


was calculated from the above data in the following 


manner: Since an aliquot a (0.1) of the extractives 


from 6 (3) tablets was applied to the papergram and 


na 
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FROM PAPER The paper chromat gr phic method can also be 
SAMPLE used for the qualitative determination and char 
icterization of possible artifact material This may 

be helpful in uncovering and interpreting imcompati 
bilities between components in the formulation To 

this, the development of the papergram 1s inter 

rupted before the artifact spot disappears from the 

end of the sheet For example, an inferior predniso 
lone-acetylsalicylic acid formulation was subjected 

to the paper chromatograph assay procedure An 

irtifact area was eluted from the papergram which 

was subsequently identified by micro-infrared spec 

scopy as prednisolone acetate (7 This indi 
cated an undesirable transesterification between 
prednisolone and acetylsalicyli cid Knowing 
the nature of these possible interactions facilitates 

the formulation of a stable product 
rhis paper chromatograpnic assay should be appli 
ible, with minor modifications, to the determination 
f prednisolone in many other dosage forms 


ATI OF PREDNISOLONE CON SUMMARY 
ABLET) FROM ABSORBANCES OF 
DIFFERENT PROCEDURES 1. A quantitative paper chromatographic 
issay for prednisolone in tablet formulations has 
been developed and applied to the development of 
i stable prednisolone formulation containing 
acetylsalicylic acid 
2. Because of its specificity this assay is 
superior to the triphenyltetrazolium assay in the 
— any _ presence of tablet ingredients which interfere 
papergram with the latter method 
The assay is not recommended for the rou 


d from 


: = hacen whe % tine analy of tablet formulations with good 
as tin Page Praramen stability. Its application is advantageous, how 
cessing two accuratel ever, if the reliability of routine assay such as the 

1e through the whol triphenvitetrazolum method has to be estab 
final results were 2 lished 


! The versatility of the paper chromato- 


graphic assay is discussed in relation to the prob- 


SSION - , f ‘ ; 
lem of qualitative interpretation of 1mcompati- 


iromatographic assay has bilities 

highly specific for predniso 

ms Although the ssay — —— 
° acon REFERENCES 


superior to conventional 


yeorticosteroid assay because 1) Garrett, E. R., and Booth, R. E., These Laboratoric 
private communication 
: . 2) Reineke, L. M., Anal. Ch 28, 1853(1956 
diucts which might interfere with 3) Drake, N. A., Haines Knauff, R. E., and 
Nielson, E. D., ibid., 28, 203¢ 

1) Wagner, |. G These Labo ories, private communi- 


mmpensates for minor interferences cation 
nt 7 wolonge > ~ 5 Friedel, R. A and Orchin, M Ultraviolet Spectra of 
5 one longed A593 chr Aromatic Compounds,’ John Wiley & Sons, Inc., New York 
rherefore, it is ideal for 1951, p. 29 
6) Wagner, J. G., Dale, J. K., Schlagel, C. A., Meister 
P. D., and Booth, R. E lurs JourRNnat, 47, 580(1958 
7) Shell, J., These Laboratories, private communication 


eliminates tablet components 


The method is designed in such a 


racity of other, less tedious 





Comparison of Methods of Assay of Prednisolone in 
Compressed Tablets* 


By J. G. WAGNER, J. K. DALE, C. A. SCHLAGEL, P. D. MEISTER, and R. E. BOOTH 


A paper chromatographic method and a method based on chloroform extraction 
followed by a tetrazolium assay are shown to give similar results in the determination 
of prednisolone in certain compressed tablets after storage at room temperature and 


at elevated temperatures. 


A method based on alcoholic extraction of the steroid 


followed by a tetrazolium assay is shown to give higher values of potency than the 


other two methods on most of the stability samples. 


The increased stability of 


prednisolone in compressed tablets when the tablets are stored with a desiccant is 
noted. 


’ | ‘HIS COMMUNICATION is concerned with a com 


parison of three methods of assay of pred 


nisolone in compressed tablets. Method “A” 
is the 


Meister, ef al. (1 


paper chromatographi 


which without modification 


can be used f rT the assa\ 
both reducing sugars 
Method “B” is a 


method 


of tablets containing 


and acetylsalicylic acid 


chloroform extraction-tetra 


zoluum which can be used to assay 


tablets containing reducing sugars and can be 
easily modified to assay tablets also containing 
Method “C”’ is 


extraction-tetrazolium method which is unsatis 


acetylsalicylic acid an alcohol 


factory when a reducing sugar such as lactose is 


present or when applied to certain aged 


prednisolone tablets 

Previously described colorimetric methods for 
the determination of 17-hydroxycorticosteroids 
tetrazolium salt in 


ketol 


involve the reduction of a 


alkaline 


steroids (2—8) 


solution by the group of these 


Mader and Buck (2 


color assay to various steroids and reported that 


applied the tetrazolium 


cortisone acetate could be separated from re 
ducing sugars such as lactose by extraction of the 
steroid with absolute ethyl alcohol or isopropyl! 
alcohol the solubility of 


lactose in absolute ethyl alcohol is sufficient to 


We have found that 


cause considerable interference in the tetra- 
zolium assay of prednisolone. 
The 


tetrazolium chloride (tetrazolium salt) in alcoholic 


chemical reduction of 2,5,5-triphenyl 


solution by prednisolone in the presence of 


approximately 0.009 N tetramethylammonium 
hydroxide is rapid and essentially complete after 
thirty to thirty-five minutes. Providing only 
prednisolone is present the absorbance of the 
colored solutions at the wavelength of 


mum absorption (485 my) remains essentially 


maxt- 


constant over the range of thirty-five to sixty 


minutes. An increase in absorbance with time, 


* Received November 20, 1957, 


pany, Kalamazoo, Mich. 


from The Upjohn Com- 


procedure of 


in the range of thirty-five to sixty minutes, u 


dicated that an interfering nsteroidal sub 


stance 1s present Iz Burton, and Keutmann 


sumilar data for other steroids 


7) reported 


possessing an alpha ketol side chain Che values 


of prednisolone potency reported below were 


calculated from the plateau values of absorbance 


i. e., from the sample 
and standard after th 


ance versus ume cu 


EXPERIMENTAL 


Tetrazolium Solution \ ) w/v 


hloride Da 


Reagents. 


> 


solution of 2,3,5-triphenyltetrazolium « 


jac Laboratories) in absolute alc l 
Base Solution milliliter of a 10% 


solution of tetramethylammonium hy 


One aqueous 
East 


was diluted with 


droxide 
man Organic Chemicals No. 1515 
9 ml solution was filtered 
through Whatman No. | filter paper 
Standard Prednisolone Solution 
taining 10 yg. of specially 
ml. of 
ethyl alcohol, and chloroform were the same as 
described by Meister, ef al. (1 
Samples. tablets, « 
lactose nor acetylsalicylic acid, 


of absolute alcohol Che 


A solution con 


1 prednisolone pet 


purihed 


’ 


absolute alcohol Prednisolone, absolute 


Prednisolone mtaining no 
were prepared fron 
two different 


designated Lots I 


the same formula but by processes 
Those prepared by one process art 
and IA and those prepared by the 
designated Lots Il and IIA rl 
Table I led to the following 

rhree aliquots, each 

tablets, were taken from 10 finel 
One of the aliquots was assayed by method “A, 

method “B," and one by method “C.” 
Assay values plotted in Figs. 1 through 4 and tabu 
lated in Table II resulted from this type of sampling 

Assay Methods.— Method i 
chromatographic method 
et al. (1) 

Method “B.""—The aliquot of powder was mixed 
with 4 ml. of deionized water in a 500-ml 
flask. About thirty later approximately 
250 mil. of chloroform added, the flask 
stoppered, shaken for about two minutes, then al 
lowed to stand for fifteen to thirty minutes. Suffi 
cient chloroform was added to bring the volume to 
the bottom of the neck, the flask was stoppered and 


other process art 
ie results reported in 
sampling technique 
three l 


representing mg 


powde red tablets 


one by 


was the paper 


reported by Meister, 


volumetric 
minutes 


was was 


580 





After 
nark with 
withdrawn 
rt 


were 

solved in 2 

f tetrazolium 

ml. of base 

flask were mixed by 

fortv-hve minute 
determined at 485 my 


Model DI 
nd a blank con 


was 


meter, 


1 powder was trans 
flask 
The flask was stop 


shaking machine for two 


with the aid 


wn to be sufhcient 
The flask 

with absolute alcoh 
inversion. An aliquot 
xtract was centrifuged at 


supernatant was optically 


he procedure was identical 

B except that one 
solution and reagents 
meter, Model B were 
C”’ potency of the tablets 


of the equation 


per tablet 


RESULTS AND DISCUSSION 


Tablets.—The three methods of 
iverage potency of prednisolone 
Table I 


1ethods B und “*¢ und 


Freshly Made 


ve tne Tri 


' 


shows the results 
three methods The average of 
issavs obtained by method “C’ 
igainst the average obtained by 

Student’s t-test (9a 
rages of the two series of 
id “C n Lot IA 


method 


ot I by 
issays 
tested 

B” on 
1 


less than 


were 
igain ybtained by 
Lot IA l 


unity and no 


both cases the t-values were 
signific int difference between averages 
Method “A” 
gave identical results in the case of Lot IA, the range 
being 1.53 ‘ 
val about the mean for method ““B"’ was 1.52 = 
und for method “C 

rhe repetitive assays on groups of three tablets of 
Lots I and IA by B”" and “C” disclosed 
that the distribution of prednisolone per tablet in 


by the two methods could be shown 


+ (2.01 whereas the 95% confidence inter 
Oo8 
was 1.58 + 0.02 


methods 


ss] 
Lot IA much more uniform than in Lot I 
his was confirmed by mmparing the 

itions associated wit unple 10) for Lots I and 
IA To reduce this 
sampling 


was 


standard de 


sampling error in subsequent 


procedure discussed under 


Samples’’ was used in all subsequent investigations 


run on each extract by each 


issays the 


Duplic 1ie€ assay were 

nethod m order to estimate 
Short Term Stability Tests Carried Out at 70 

to quick! methods of 


ind packaging variations, 


precision 


In order screen formulas, 


preparation, samples of 


the tablets were stored at 7 in an air-circulating 


oven equipped with an automat temperature rc 


up to seventy-two hours 


corder for varying period | 


A blank tablet prepared 
ind method of preparation ‘ und IA but 


prednisolone was 


with the same formula 


without 


bottles 


metal-liner « without Humi-Caps 
four, fort 
rhe samples were 
C.” Results of 
method “‘A’’ were in 


used to calculate 


me thod 


with 
seventy-two hours 
methods A und 


by 


for twenty 


these 
porated in the 
potency on the 
C” the 
ur samples of these tablets 


samples 


three-com 


ponent equation 


ther samples (1 By twenty 


forty-eight 
equiv 1 0.03 mg. of 


tablet two 


and 


gave a “potency pred 


nisolone’’ per seventy hour 


sample gave a “‘potency”’ equivalent to 0.08 mg. of 
prednisolone” per tablet 
Tablet lot IA, stored at 70 


the bottles, when 


with Humi-Caps in 

method “A” and 
B"’ exhibited a loss of 9.2% of the initial predniso 
content tablet 
twenty-four hours but no more loss in potency dur 
Results 
same samples were all 
1.56 mg. of 


issayed by 


lone 1.53 mg during the first 


ing the forty-eight hours obtained 


with method “C” on the 


next 


being 
prednisolone per tablet in the twenty-four to seventy 


much higher, the mean valuc 


two hour range These results are plotted in Fig. 1 


ME IN HOUR 


Fig. 1—Plot of milligrams of 
tablet against time in hours for lot LA stored at 70° 
in sealed bottles with metal-liner caps and Humi 
Caps Method A method “B 
method “*C.’ 


prednisolone per 


‘Humi-Caps--A plastic container enclosing approxi 
mately 0.75 Gm. of dried silica gel manufactured by Dri Aire 
Incorporated, South Norwalk, Conn 
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COMPARISON OF ASSAY RESULTS OBTAINED BY THREE DIFFERENT METHODS AND INVESTIGATORS 
ON DIFFERENT SAMPLES OF THE SAME FRESHLY MADE TABLETS 


Potency: Milligrams of Prednisolone Per Tablet 


Lot IA 
Method “B Method **¢ 


1.48 1.51 
1.52 1.47 
1 53 


three tablets were extracted by each method Only 

tetrazolium assays were done on each extract by me 

2 powder and three aliquots of powder each representing three tab! 
each extract One paper was damaged and could not | 


Results obtained when tablet lot IA was stored tablets when the tablets are stored with a desiccant 
70° without Humi-Caps in the bottles are plotted (Humi-Caps or Dri-Pax?) is noteworthy In the 
in Fig. 2. The values obtained by method “C" 70° study with Humi-Caps the loss in potency which 
were corrected for the values of “‘prednisolone’’ occurs during the first twenty-four hours may be 
found for the blank tablets. It can be seen that ultimately caused by moisture in the tablet rhe 


prednisolone in lot IA, stored at 70° in the absence water is finally absorbed by the silica gel, and, once 
f Humi-Caps, shows a linear degradation with equilibrium is attained, no further loss in potency 
time by all these methods. Linearity of such a plot occurs. At 47° the improvement in stability when a 
ites a constant degradation rate independent of desiccant is present is also evident 
ntration, i. e., pseudo zero order rate. The One and Two Month Stability Samples.—-Table I] 
s of the lines shown in Fig. 2 were calculated by is a tabulation of averages of duplicate assay values 


he method of ‘least squares’’ (95) and the slopes obtained by the three methods on aliquots of the 
were compared by calculating the value of ¢ = same two month stability samples of Lots I and II 
difference in slopes/standard deviation of the dif and aliquots of the same one month stability samples 
ference (v% The slopes of the lines do not differ of Lots IA and IIA Tablets of the four lots were 
it P = 0.05. However, there is obviously a bias in stored in sealed bottles under the conditions indi 
the results obtained by method “C.”’ cated in the table 
The improvement in stability of prednisolone in Evaluation of Data.—The average deviation of 
duplicate assays on 23 samples was 0.02 mg. of 
prednisolone for all methods; the 95°) limits were 


0.05 mg. of prednisolone per 1.5-mg. tablet which is 





»¢ 


an error of about 3 

The data obtained by all three methods on a given 
group of samples were combined and an analysis of 
variance was made for each group rhe results of 
these analyses are shown in Table III When all 
three methods were included in the an ilyses a Sig 
nificant difference between methods and a significant 
interaction (samples X methods) was found for 
five out of the six groups of samples rhe significant 
interactions were due mainly to the fact that method 





“C” gave consistently higher results than either 
methods “A"’ or “B"’ except on freshly prepared 
tablets. Hence, although method ‘“‘C”’ had the 
same precision as methods ‘‘A”’ and “‘B”’ it did not 
have the same accuracy Method “C”’ was con 
cluded to be an unsatisfactory procedure since re 
sults obtained with the method appear to be mark 
edly sample-dependent There were indications 
that method “‘C"’ measured certain steroid degrada 
tion products which were not measured by methods 
“A” and “‘B.” 

a athe 4 Separate analyses of variance were performed for 
24 48 72 each group of samples using only the data obtained 

TIME IN HOURS by methods “A’’ and “B."" The results of these 
analyses are shown in Table III also. In only one 


GRAMS OF PREDNISOLONE PER TABLET 


y 








Fig. 2.—Plot of milligrams of prednisolone per 
tablet against time in hours for lot IA stored at 
70° in sealed bottles with metal-liner caps without De P = chet 1 , , o ' 
. " ‘arr . \ “mr : Dri-Pax—-A cloth bag enclosing approximately 5 Gm. o 
Humi-Caps See Method “A”; G)—method B’; dried silica gel manufactured by Davison Chemical Company 
method “*€ Baltimore, Md 





SCIENTIFIC EDITION 983 


r AVERAGES OF DuPLICATE ASSAYS OBTAINED BY THREE DIFFERENT METHODS 
\LIQUOTS OF THE SAME STABILITY SAMPLES 


50 H-C 


od 


iH 


YSES OF \V ARIANCI n vd Expressi is in another way, one 


ruReEeE METH 


potencies found Dy method “B"’ ranged 
wit un average of 98.6% of the 
i It should be 

between methods 


blet formula 


DIFFERE? —_ ‘ » 104% 


y dupli 
twenty 

least 
calculated for 
not differing 





c= 
i 


w 
m 


results 


t ible t 


(METHOD “B") 


La 
‘ 


between 


four Out of t 
from a practi 


ults obtained b 


IGRAMS OF PREDNISOLONE PER TABLET 


L 


\ 


MI 


between v + + r T 
is —0.02 meg 10 it 1.2 13 14 15 16 
:, me { ! ith range of l MILLIGRAMS OF PREDNISOLONE PER TABLET 
; =a rednisolon 1.5-mg. tal d (METHOD “A’) 
duplicate by 











Fig. 3.—Correlation of assay results obtaimed by 
method “B" with results obtained by method “A.’ 
The solid line is calculated from the average slope, 
0.986 


{ duplicat 
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significantly from unity and an intercept not differ SUMMARY AND CONCLUSIONS 


ing significantly from zero The solid line in Fig. 3 


sents the average slope, 0.986. Hence it ma l \ preliminary comparison of three methods 


be concluded that results obtained by method B 


of determining prednisolone in freshly made and 
correlate well with results obtained by method “A 


: - aged tablets has been mace 
In Fig. 4, the ordinate, Y’ is the average potency , > 
. ‘ve » oroform t on-tetrazo l ro 

found by duplicate assays with method “C” and 3 \ chloroform extraction-tetrazolium pr 
the abscissa, Y, is the average potency found by cedure and an alcohol extraction-tetrazolium 
duplicate assa with method \ There are procedure, are described in detail he third 
method, a paper chromatographic procedure 


has been described in detail in a previous com 


munication 





3. The chloroform extraction-tetrazolium pro 
cedure gave comparable results to the paper 
chromatographic method for the samples checked 
lhe former method, being less tedious, is the more 
desirable one for routine assays 

t+. The alcohol extraction-tetra 
cedure was found to be unsatisfactory an i not 
give results correlating well with the paper 
chromatographic method The alcohol method 
gave high values for many of the stability samples 
although it compared well with the other methods 
when used for freshly prepared tablets 


5. The presence of a desiccant was 


MILLIGRAMS OF PREDNISOLONE PER TABLET 








to improve the stability of prednisolone 
12 13 14 5 16 7 pressed tablets 
MILLIGRAMS OF PREDNISOLONE PER TABLET 
(METHOD A) REFERENCES 





Fig. 4.—-Correlation of assay results obtained by 1) Meister, P. D., Schlagel, € 
I oO ; sults o wv method * Tohnson, J. I Turs Jowrnat, 47, 57 
method “‘C”’ with result btained by method “A > tite’ W 8° ond Bab. & 
rhe line is calculated from the equation } 666(1952) 
0.739 X + 0.48 which is the fitted line obtained by > a? wh. heeler J., and Tewe 
. Clin ‘ » 749 9534 
f the method outlined in reference (11 4) Meyer, A. S., and Lindberg, M. ¢ 
ind by the method of “least squares 813(1955 
5) Nowaczynski, W., Goldner, M 
Clin. Med., 45, 818 4 
6) Recknagel, R. O., and Litteria id., 48, 
195 
. 7) Izzo, A. J Burton, R. B and Keutmann, E 
twenty-four such averages by each method rhe Federation Pr 15, Part I, 280(105¢ 1. Clin. Endocrinol 
line shown on th lot was calculated from the e i and Metabolism, 17, 889 
. - _. P wagon ated fr . 7 om 8) Schriefers, H., and orus, W Vaturwissenschaften 
tion } = 0.739X + 0.48 which is the fitted line 43, 517(1956 
obtained by means of the method of Bartlett (11 9) Youden, W. J., “Statistical Methods for Chemists 
~ ‘ ‘ . ? f . John Wiley & Sons, Inc., New York 51 1) p. 24 b 
and also by the method of “‘least squares It is , p. 49 


means ©O 


iM 45 
obvious that method Cc does not give results 10) McArthur, D. S., Baldeschwieler, | White, W. H 
and Anderson, ]. 5 Anal hem., 26, 1012 ; 
I Bartlett, M. S., Biome 


correlating well with method “A 





A Study of the Titration of Organic Bases in 
Chlorobenzene with Acetous Perchloric Acid* 


By M. PERNAROWSKI and D. W. BLACKBURN? 


Potentiometric titrations can be carried out in chlorobenzene by using glass and 
sleeve-type calomel electrodes and a Beckman Model GS pH Meter. Acetous per- 
chloric acid is the most suitable titrant. Galvanometer response is rapid and no 
erratic galvanometer needle deflections are noted when this titrant is used. The 
optimum concentration of titrant at the end point appears to be approximately 20 
parts titrant for every 100 parts of solution. Bases as weak as caffeine can be deter- 
mined in this solvent but only with a limited degree of accuracy. A mixed solvent 
containing 20 per cent glacial acetic acid in chlorobenzene can be used for the 
titration of organic bases insoluble in chlorobenzene. Bromophenol blue js a suit- 
able indicator for use in chlorobenzene. Neutral red, brilliant green, and methyl 
red can also be used in this solvent but indicator changes are not as satisfactory as 
with bromophenol blue. 


VENT I $s ag onant, Hall, and prot olvent Little tomizatio occurs in 


WERNBI showed that many sub such solvents (8) and it is 


therefore, an excellent 
nces which exhibit no basic properties in water medium for the reaction of basic compounds with 
bases in glacial acetx acetous perchloric acid The solvent, however 
ficance f their ob has not been extensively investigated. Fritz 
nediately realized and the 1) reported the determination of several organic 
itrations in nonaqueous compounds in this solvent using either indicators 
accepted until after r a glass and silver-silver chloride electrode com- 
distinct advantage bination to detect the end point cf the titration 
with volumetric Rice, Zuffanti, and Luder (12) studied indicator 
us media, made color changes with “L-acids” in chlorobenzene 
quality control of | Deal, Weiss, and White (13) determined basic 
harmaceutical pp tion of acid-base nitrogen compounds in asphalt by titration in a 
titrations t 1e anal pharmaceutically im 50 per cent mixture of glacial acetic acid in 
unt compounds h n adequately reviewed chlorobenzene with acetous perchloric § acid 
Reviews of hey reported that potentiometric titration in 
published | chlorobenzene alone was not feasible. 
Riddick 


EXPERIMENTAL 


Rese 


laid d 
1¢ Outset, it was necessary to establish proper 

ditions for potentiometric titration in chloro 

ne Neither the glass and fiber-type calomel 

lectrode combination nor the glass and silver-silver 

hloride electrode combination suggested by Fritz 

S ; ‘ were found t suitable Potentiometri 
cia ace Lic rcid t on tf " 
titrations of severa wganic bases using these 

came ¢\ nt that oth vents were superior t electrodes and a Beckman Model GS pH Meter 
glacial acetx id both ubilizing ability an were unsatisfactory because of erratic galva 
in base-strengthening power Pifer ollish nometer response Similarly, the gold and calomel 
electrode combination suggested by Zeidler 14 


I idition 
he addition : , 
nd Novak (15) was found to be unsatisfactory for 


ind Schmall howed that t 


] ] t r ‘ ? ‘ 
glacial acetic acid greatly in use in chlorobenzene \ glass and glass sleeve-type 
nagnitude of the potential break at calomel electrode combination showed satisfactory 
tentiometric titration of response during potentiometric titration of basic 

’ mpo s hlorobenzet 

wetous perchloric acid ipounds in chlorobenzene 
Preliminary investigation of several titrants 

i that many solvents gave as : : 
showed that acetous perchloric acid was the most 
r results than did ' ' 

ter results than did glacial acetic acid suitable titrant for use in chlorobenzene Per 
classified as an inert or chloric acid in dioxane and perchloric acid in 20° 
lacial acetic acid in chlorobenzene were unsati 
factory because of erratic galvanometer response 
Dipheny! phosphate, a titrant used by Davis and 


Hetzer (16) for titrations in aprotic solvents, was 
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f its poor solubility in 
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explorat potentiometrn 
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curves « 
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rhese ot 
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iti connrn 
ind 
und 


mes 
titrant for 


secry 


1S 
sleeve tyr 


binati wcetous per 
ll satisfactory 


ilkali 


\ the 


iDbinats me use in 


netric titrations in nonaqueous media 


\ Beckman 


SU and 


Titration Assembly. 


Electrode N l 
pe 4 


Blue Label 
i Beckman Sleeve 
1170-71 inserted 
Ider and placed 

Beckman Electro 


spacing throug! 


iM} 
Electrode oO 
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feckman | in the 


is distance be 
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potentiometric 
connected t 
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+ Mv 
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hlorx 1 the solution 
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i necessitates disconnectio 
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Solvent Purification. 
vdr 


vul inular were addec 


of chlorobenzen Jastman 
lal dt 


oivent 


gr 
mi reagent 
am stand for twenty-four hours 


was distilled from an all glass apparatus 
distillate collected when the 
nt Phe 
distillatt 
use Phe 


“ boiling point 


Lime consta 


ulter 
idered 


procedure was repeated 


second the solvent 


for 
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boiling 
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Literature of 
l7 Refractive 


rily with the values reported 


ready 


n 
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point was 129.5 values 


132 been 


reported index 


igreed satisfac 


literature 


val 
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im tine 


Choice and Purity of Organic Bases Titrated. 
Nine compounds, with pKb values in water 
ranging fr £00, 


the « 


organic 
om 4.35 ft l 
of 


rgank 


were studied during 


In 


lI 
it 


ourse this inve 


if two 


on iddition, salts 
ol 
f compound 
The 
strychnine, ephedrine, 
uf 


stigati 
ind one =e! 


list 


bases in organi 


wid were included in the s titrated 


the investigation ganic bases and 


salts chosen wert itropine, 
ilanine, cinchonine, amidopyrine, | 


sulfate, 
phth ilate 


enzocaine, ¢ 


feine, theobromine, atropine ephedrine 
All the 
LOO” of 


tl 


sulfate, and potassium acid 


bases were dried in an oven set at 


hosphorous xide depending 
of the 


melting 


pent on 1¢ 
meiting pomt 


Phe 


ri 


mpound 
of the 


1 using her a 


organk KASS 


were 


dete inec Purdue melting point 


If 


igree 


bath or a Fisl in melting point apparatu 
lid not 


literature, the 


the melting point of the compound 
in the 
by im a 
ind precipitating with 


sulfate 


with the value reported organi 


base was recrystallized 


dissolving minimal 
imount of alcohol 
of distilled 


lized from diox 


if CXCCSS 


water \tropine was recrystal 


iit 


PHARMACEUTICAL ASSOCIATI: 


Titrant. The 
investigation Was pre] 


acetous perchlor 
vared 
ing to the procedure by 
18 Phe 


base 


given 


cid wa vided t 


in chlor 


from 


organk 
in chlorobenzene 
brated to 
vdded to the s 
potentiometrn 
tempt 


wid 
0.02 mil 


iu 


was made 


even though ene 


possible in many acid 


media 

Titrations in Chlorobenzene. 
lent weight of t 
titatively 


rie base 
tm 


calibrated 


rik W 
with 
ously 
solution was diluted 


ZCTKM mixed, ind 


rom a buret f 
) 0466 \ 


procedure 


cet 


Ww 


is 


orobenzene 
} 


This procedure pt 
milliequivalent weig 
resorting to the weig 
f material Mort 
titration curves < 
solution to titrant 
titrations I 
mately 5.4 


if 


the re fore . 


ill 
ml 
rato 


21.6 t 


Titrations in 20‘, Glacial 
benzene. The samp vere DI 
in similar to 
equivalent of 
ferred to a 
20.0 ml. of glacial 
udded to m 
Titrations were « 

This, 
to solution 


a manner 
weight 
L00-ml 
benzene ike 
ml 

of the 
ratio of titrant 
of titrant and solution 
ritrations were « 


was 
irried out 
solution however 
since 
were ad 

irried out 


system for two reasons 


It has been re ported in the 
of 
of 
glac ial acetk 


vdditi 
solutions 


mn solvents of low di 
weak 
icid enhanced the 


10 


when the glacial aceti 


bases in 


the end point his phen 


cid conte 


further increased by the additi 


chloric acid Potentiometri 


glacial acetic acid in chlorobenz 


this observation 
b) Many 
glac ial 


organic bases ar 


acetic acid Since it 


several of the organic bas« 


would be insoluble in chloré 


method of solubilization had 


retain a solvent system consistin 


! 


benzene Glacial acetic acid w 


satisfactory ubilizi 
It provided a stable 
metric titration 
the majority of 


investigation 


most 
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were investigated in t The titration curves for the stronger bases showed 


been reported in the greater potential change it the end point while 


d codeine phosphate ul the potential changes for the weaker bases were less 


by the addition pronounced As an example, in chlorobenzene 


the value of the factor di V at the end point for 
trychnine, a moderately strong base in nonaqueous 
nedia, was four ipproximately 4,000 for 
2 mil. of titrant midopvrine, a weaker base in 
ueous medi showed a potential change of 
ximately 3,006 mi. of titrant rhe 
of the factor d 1 the end poimt for 
nzocaine, a very weal use, was found to be 
yproximately 400 f 04 mil. of titrant 
In this respect, t loes not appear to be any 


pattern for potential chang at the end poimt im 


chlorobenzene sases ly » values in water ol 
} | he same magnitude 
I very wt ik bases, 
he other hand, differ greatly fron hose with 
values in 
we ik bases 
end point range from 2 to If f the values 


ved for the stronger ba Phose compounds 
pKb values in water of more than 10 can be 
mined only by using exacting techniques 
ireful millivolt 1 urements. Other 
uld be preferabl rt letermination 
mpounds 
Each organic base w titrated in triplicate 
acetous perchl icid and the titration 
mpared Th ‘ urves for the stronger 
bases were essentiall lentical Variations wert 
bserved in the ition cu s of the weaker bases 
! shift « itr mn curve upward or a 
in mull I dings after the id point 
iv be pectec ese variations in the 
m curves of an ne compound do not inter 
fere with the detection of the end point 
Perchlorate precipitates form during the titration 
ganic bases in chlorobenzene During the 
titration of atropine, the solution turns murky 


but no true precipitate forms. Ephedrine does not 


form an insoluble perchlor: salt hese precipi 
tates do not interfere with the titration of the 
rganic compound There is some evidence that 
the formation of crystalline precipitates during the 
titration aids in the detection of the indicator end 
points of very weak bases (21 

Bromophenol blue methyl red, neutral red, 
brilliant green, and diazoamidobenzene were found 
to be suitable for detection of the end point 
during the titration of bases stronger than ami 
lopyrine The color ges of these indicators 
it the end point wn in Table I Indicator 


changes for bases having pKb values in water 


rasce | INDICATOR CoLOR CHANGES FOR STRONG 
BASES TITRATED IN CHLOROBENZENE WITH ACETOUS 
PERCHLORIC ACID 


Indicator 3 le Acid ¢ 
| | = es SS Bromophenol blu Yellow Colorless 
e 4 6 Neutral red Orange Purpk 
Brilliant green Green Yellow-green 
Methyl red Orange Red 
Diazoamidobenzene Yellow-green Orange 


ML 10460 N ACETOUS PERCHLORIC ACID 


Fig. 1 Titration curve for amidopyrine i 

lorobenze ; » 9% « , p 
chlorobenzene und in 20% glacial acetic lhe initial color of this indicator varies with the strength 
icid in chlorobenzene of the base 
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of more than 10 were gradual and the end point 
detected Diazoamidobenzene is 
for the titration of 
ephedrine. The formation of 
cipitates obscures the cx 


ould not be 


suitable only atropine and 
perchlorate pre 
lor change at the end point 
base results. Of 
the five indicators investigated, bromophenol blue 
satisfactory 


ilkalimetric titrations in chlorobenzene 


and overestimation of the organk 


appears to be the most indicator for 
exhibited 
The initial 
solution of the 
appeared t 


neutral red 
unique characteristics in this solvent 


Bromophenol blue and 


colors of these indicators in the 
base in chlorobenzene signal 
of the « Addition of bromo 


» solutions of ephedrine or atropine in 


Oorgank 
the strength 
phenol blue t 


mpound 


chlorobenzene resulted in the formation of a purpk 
color Solutions of chlorobenzene 
indicator 


ors resulted when the 


strychnine in 
exhibited rose-red colors when the 
vdded Yellow c« 
was added to solutions of 

caffeine 


vellow color, 


was 
indicator 
imidopyrine, benzocaine, 
intensity of the 
strength of 
\ bright yellow color was observed when 


in chlorobenzene Phe 
however, varied with the 
the base 
iumidopyrine was the organic base under investiga 


colors observed with 
f caffeine 


\ similar phenomenon was 


tion and pale yellow were 


chlorobenzene solutions ind benzocaine 
observed with neutral 
however, did not 


, and strych 


red indicator his indicator, 


distinguish between atropine, ephedrine 
Solutions of these three 


the sam« Pink indicator colors were 


nine bases all showed 


vellow color 
of caffeine and 


observed in chlorobenzene solutions 


benzocaine Amidopyrine showed un initial color 
of intermediate hue 

The accuracy and precision of either indicator or 
potentiometric titrations in chlorobenzene is as good 
is that observed in the titration of strong bases in 
media rhe per 


imounts of the organic bases were satis 


wqueous cent recoveries of the 
weighed 
factory. Six potentiometric titrations were carried 
ut on samples of 
the 0.1 


recovery of the 


atropine in chlorobenzene At 
milliequivalent weight level, the per cent 
alkaloid and the 
standard deviation was equal to 1.12%, At the 0.2 
milliequivalent weight level, 99.71% of the alkaloid 


was 


was 100.51° 


standard deviation 
This would indicate that 


more 


and the 
calculated to be 0.55‘ 
the procedure gives 
slightly larger quantities of the organic base are 
titrated 
All the 


ilanine, 


recovered was 


precise results when 


organic bases, with the exception of 


titrated in 20°) glacial acetic 
acid in From the 
titrations performed in this solvent system, three 
conclusions may be reached 

a The addition of 


acid to chlorobenzene are to be avoided In 


were also 


chlorobenzene potentiometric 


large amounts of glacial 
celtic 
all cases, the magnitude of the potential break at 
the end point was sharply decreased from the value 
magnitude 
point for all 
both in 
glacial acetic acid in 
2 No absolute 


observed in chlorobenzene alone The 
of the potential break at the 
compounds titrated in 
chlorobenzene 
chlorobenzene are shown in Fig 


end 
this investigation 


and m 20°, 


values are reported but only relative values based 


if the 


was 


on O.1 mil. of titrant. As value of 
the factor dE/dV at the $000 for 
0.02 ml. of titrant, the value reported in this figure 
would be 4,000 * 0.10/0.02 or 20,000 


in example, 


end point 
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changes at end point for atr 
strychnine CD), ephedrine EI 
umidopyrine (GH), benzocaine (IJ), caffeine (KI 
potassium acid phthalate (MN OP), 
ephedrine sulfat QR), and sulfate 


ST). MOQS: insoluble in chlor 


Fig 2 Relative 
pine AB), 


cinchonine 
itropine 
»benzene 


» 


20°, glacial 
literature 
potential break 
vddition of 


minima! 


b) The titrations carried out in 


acetic acid in chlorobenzene confirm 
reports that the 
it the end 
large amounts of aproti 


amounts of glacial acetic 


magnitude of th 
point is increased by the 
solvents t 
acid (10 

U \lkaloidal salts are insoluble in chlorobe nzene 


They are, however, soluble in 20 
acid in 


accurately by 


glacial acetx 


chlorobenzene and can be determined 
titration 


acid The determination of atropin« 


with acetous perchlori 


sulfate and 
ephedrine sulfate have been previously 
the literature 
and from literature reports (24), it 


that the reaction of sulfates with 


reported in 
22, 23 From personal observations 
would appear 
perchloric acid 
acid medium are not stoichi 


addition of 


in a glacial aceti 
metric By the chlorobenzene to 
results can le 


ulkaloidal 


end point can be 


glacial acetic acid, stoichiometric 
obtained Potential breaks for the 


salts are not 


two 
too great, but the 
determined easily 

From this discussion of the titration of organi 
bases in chlorobenzene, it is evident that the solvent 
alkalimetric titrations 

Either potentiometric or 
indicator methods can be used to detect the end 
point. Very weak titrated in this 
solvent but only with 
Determination of 
better carried out in other 


is suitable for use in with 


acetous perchloric acid 


bases can be 
i limited degree of 
therefore, 


sccuracy 


such base Ss, would be 


organic solvents 
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Chronic Oral Toxicity 


By CHANDRAKANT H. DESAI, ALLAN 


It would appear that aerated silica gel of the 
type used is not entirely inert in rats since 
there appears to be a significant change in 
the body associated with its continued ad- 
ministration. A comprehensive investiga- 
tion of chronic oral toxicity of aerated silica 
gel seems necessary before its oral use can 


be approv ed. 


COURSE 0 i senes of investigations 


be mn 


testing tl 


he use of inert, insoluble 


“aking 1m 


1 relatively 


material in vention of ¢ 


phar 


maceutical suspensions, aerated silica gel' showed 


mise and chronic oral toxicity tests were 


iken to determine the feasibility of oral 


administration of large amounts of aerated silica 


Dried silica gel is a tasteless, odorless, relatively 
inert powder which has an enormous surface area 


the material used was of a particularly fine 


particle size, from t microns in diameter 


ind is claimed to be capable of adsorbing toxins; 


it was used for this purpose locally in severe burn 


cases and internally in the treatment of certain 


pes ol gastroentents 


Intranvenousl\ idministered injections 
iloidal silica 
Dale and 


of finely p 


uused rapid death in mice acco 
King 


»wwadered 


ing t Injection of 


silica gel was injected into 


each renal artery of rats with a resulting hyper 


tension of many months’ duration because ol 


diffuse intrarenal fibrous tissue action (3 


In studving the toxicity of silica in various 


textbooks of toxicology (4 
that the 


silicosis due to the mechanical irritation produced 


5) it becomes apparent 
greatest interest has been in industrial 
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hem 


of Aerated Silica Gel* 


BURKMAN, and RUPERT SALISBURY 


mhalation rather than by ingestion of the 


material. Since aerated silica gel has properties 
have possibilities for 
work 

this 


the chronic 


internal application 
I its oral 


to 


no has been done on 


mic toxicity, study was undertaken 


iluate oral toxicity of aerated silica 


EXPERIMENTAL 
Male and female, Sprague-Dawley, 
utilized in the 
experiment they were fed 


young adult 
Throughout the 
Purina Laboratory Chow 
rest group I consisting of 12 
rats received a daily oral dose of aerated silica gel 
5.71 mg./Kg. for a period of eight 
Test group II (12 rats) received a daily oral 
of aerated silica gel equivalent to 17.14 mg./Kg 
A control group of 12 rats received a dose of methyl- 
mg./Kg 

upproximately 
Oral administration was by stom 
All 


weekly 


rats were study 


und water ad libitum 


equivalent to 
weeks 
dose 
cellulose equivalent to 5.71 
The 
and weight 
tube and 

and 


36 rats used were of the same 
syringe the rats were weighed 
then Doses were calculated 
1 weekly basis and administered daily 


RESULTS AND DISCUSSION 
The eight weeks of daily oral administration of 
verated silica gel in different concentrations and the 

sc of methylcellulose as a control did not produce a 
the 
ils All remained normal with no signs of ab 
week experiment it 
was observed that the rate of gain in weight in the ex- 
perimental groups was not as great as that in the con- 
trol groups (Fig.1). Due to the rather small groups 
of animals used and in view of the more significant 
pathological findings no significance is attached to 
the change in rate of gain in weight at this time. 

Post-mortem examination revealed abnormal 
larger nodules on the intestine of the test rats and not 
on the control group here were more nodules in 
the test rats which received the larger amounts of 
gel. All factors were quite 


ngle untoward reaction in experimental ani 


normality During the eight 


aerated silica other 


normal 
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Gross Description of Intestinal Nodules.—Pal 
pable masses of firm tissue were on the external 
surface opposing the area of mesentery attachment 
of the gut wall (Fig. 2 Numerous dense opaque 
disk-shaped masses devoid of villi characterized the 
nodule when observed within the intestinal lumen 
(Fig. 3). They were externally similar to the 
tubercle-like lesions of tuberculosis or neoplastic 
disease; lesions larger than those of tuberculosis but 
less diffuse were limited only to the gut wall 
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Figure 3. 





Microscopic Description.—The major portion of 
a the nodule consists of masses of lymphoid connec 

———— tive tissue 
Lenerruain, C8088 seeren TsUeH Etiology of Nodules. The position of the nodules 
@ scone and their etiologic characteristics suggest that they 
4 are very much enlarged Payer’s patches. The en 
largement in turn is a typical response to foreign 


A A 
\ Mise TERY 
a . «1 body invasion, possibly caused by very small in 
at ' \ \ \ soluble silica gel particles imbedded in tissue with 
i NX AA . the formation of noduies through foreign body 1eac 


a a ma tion 
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The Effect of Some Antihistamines upon the 
Respiration of Rat Heart Homogenates* 


By DORIS E. McKERSIE and HAROLD C. HEIM 


Conventional manometric techniques were used to investigate the effects of some 


antihistamines upon the respiration of rat heart homogenates. 


The study was under- 


taken because it has been reported that these drugs exert effects on cardiac arrhyth- 


mias but little is known relative to the mechanisms by which these effects are 
The antihistamines which were studied were 

indamine tartrate, methapyrilene HCl, antazoline HCL, dip 
lenamine HCl, prophenpyridamine maleate, and pyrilamine maleate. 


duced. 


ro- 
poue mance HCl, phen- 

enhydramine HCl, tripel- 
Each of these 


drugs, in 0.007 M concentration, inhibited endogenous respiration as well as respi- 


ration in the presence of glucose or pyruvate. 
indamine tartrate markedly inhibited respiration in the presence of succinate. 


hen- 
None 


joth promethazine HC! and 


of the other antihistamines included in the study produced any significant effect upon 
The effects elicited by the antihistamines 


respiration in the presence of succinate. 


could not be signi 


that 


exert ardy 


EVERAL INVESTIG have reported 


ATORS 


certain antihistamine drugs 


depressant vity It has been reported (1 


acl 


hat diphenhydramine exerts an effect similar 


that of quinidine converting an auricular 


in 
hibrillatior nal sinus rhythm in dogs 
ously epinephrine by the ad 
It 


antihistamines 


has been shx 


at 


orm wl 


that some rather high 


dosage levels, were effective in preventing ven 


the 


ricular arrhythmias induced in rats by 


ministration of calcium chloride and that in 


id 
ven higher dosages they were effective in over 


Tl 
con 


ling the arrhythmias induced by the previous 
of Reports of other 
it 


shown that diphenhydramine is more effective 


administration acomitine 


studies have appeared in which has been 


than quinidine in abolishing the fibrillation pro 
duced in the dog heart by the administration of 
acetylcholine 

It 
oted 


attention has been de 
the 
respiratory processes of the heart 


that ] 


ai 


appears that littk 


to the effects of antihistamines on 


In view of the 
tact Mt 


veral reports indicate that the anti 


exhibit cardiodepressant 


to the effects 


histamines some ac 


tivity it seemed of interest study 


elicited upon the respiration of heart homogenates 


by certain drugs in this group 


EXPERIMENTAL 


hearts from healthy, adult Sprague-Dawley 
of either sex and weighing between 200 and 250 
were all The animals 
were killed blow to the head after which the 
hearts were immediately removed and placed in a 
beaker « 0.25 M 


Each heart was allowed to beat for a few seconds in 


used in experiments 


by a 


f ice-cold isotonic sucrose solution 


the isotonic sucrose solution in order to remove 


much blood as px 


as 


ssible ‘he hearts were then cut 


} | a 


miber ¥ 


Z the University 
f Pharmacy 


y) from 
Boulder 


5Y1 


ond altered by the addition of histamine to the Warburg vessels. 


r after which they 
h 


und blotted dry on filter pape 


were weighed mmogenizer 
The 
of 


tissuc 


ntaining 
homogenates re prepared that « 
TY 1) he art 
ysed from the 
start of the 
was determined 
When 
1.9 ml 


intihistamine lu m of© 


solution 
ich mil 


‘) 
the 
x 


experiment 
| met! 


endoge 
f buffer, 
0.4 rf 
prepared 


direct 
respiration was | 


ml. of the 


water 


mil. « 
lled and 0.5 n f the freshly 


lwomogenate were ac l t main « 
f Warburg vesse 
ity The 
potassium hydroxide 
paper When 
strates was being studied 1.f 
ml. of the 


main compartment in place of 1.9 m 


mpartment 
ls of appr ima vy 15-ml capac- 

2 mi. of 10% 
strip of filter 
sub 


center 
ited 
respiration in e presence of 

of buffer and 
added to the 
l. of buffer. In 
i€ f the flask con 
rhe buffer used in all experiments 
VW phosphate, pH 

antihistamines un 
Ne in 
Trimeton 


03 
particular substrate were 
ll > h I 
ill experiments the total volun 
tents was 3.0 ml 


was 0.1 


rhe 
pyrilamine maleate 
maleate 
Pyribenzamine), 
dryl), promethazine HC] 
tartrate (Thep! 


nepn 


investigation 
prophenpyrid 
HCl 
Bena 
phenind 
HCl 
The 


and 


were 

rgan 
tripellenamine 

HCl 


Phenergan 


imine 
diphenhydramine 


imine 
rhenylene 
substrates 


rin methapyrilene 
HCl (Antistine 


ite, succinate, 


, and antazolin« 
studied 
rhe final ec 
VJ the 


intihistamine was 0.007 


were 
n of each substrate 
f each 


used 


glucose 
0.01 


mcer 


hit 


us 


was and mcentration o 


hearts were 


flasks were run in 


Kigh 
for each experiment and di ate 


every instance 
\fter a 


manometers were 


ten minute equilibration period thx 
ind readings were taken 
after an hour had elapsed Che temperature of the 
uir All pH 


a glass electrode 


closed 


bath was 37 
determinations 
instrument. 


and the gas phase was 


were made wit! 


Standard errors were « 
=d? 


\ und if the condition M, — M 
nin — | 


2N «* + 
considered to be 


culated from the equation 


«* was found to be true, the results were 


significant 
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TABLE I 


mm.* O: Uptake 
in 60 Min./100 mg Inhibition or 
ubstrate Antihistamine Fresh Tissue Stimulation (+) 


None Non 23 2 

None Diphenhydramine HCl 3 2 : 14 
Glucose None 

Glucos« Diphenhydramine HCI 
Pyruvate None 

Pyruvate Diphenhydramine HCl 
Succinate None 

Succinate Diphenhydramine HCI 
None None 

None Tripellenamine HC] 
Glucose None 

Glucose Tripellenamine HCl 
Pyruvate None 

Pyruvate Tripellenamine HCl 
Succinate None 

Succinat rripellenamine HCI 

None None 

None Prophenpyridamine Male: 
Glucose None 

Glucos« Prophenpyridamine Male: 
Pyruvats None 

Pyruvate Prophenpyridamine Male: 
Succinate None 

Succinate Prophenpyridamine Male: 
None None 

None Pyrilamine Maleate 
Glucose None 

Glucose Pyrilamine Maleate 
Pyruvate None 

Pyruvate Pyrilamine Maleate 
Succinate None 

Succinate Pyrilamine Ma'-ate 

None None 

None Promethazine HC] 
Glucose None 

Glucose Promethazine HCl 
Pyruvate None 

Pyruvate Promethazine HCl 
Succinate None 

Succinate Promethazine HCl 

None None 

None Phenindamine Tartrat« 


a 


aa 


Glucose None 

Glucose Phenindamine Tartrate 
Pyruvate None 

Pyruvate Phenindamine Tartrate 
Succinate None 

Succinate Phenindamine Tartrat« 
None None 

None Methapyrilene HCI 
Glucose None 

Glucose Methapyrilene HCI 
Pyruvate None 

Pyruvate Methapyrilene HC] 
Succinate None 

Succinat« Methapyrilene HCl 
None None 

None Antazoline HCI 
Glucose None 

Glucose Antazoline HC! 
Pyruvate None 

Pyruvate Antazoline HC! 
Succinate None 

Succinate Antazoline HCl 


* Standard error 
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RESULTS AND DISCUSSION 

the antihistamines upon the 
ind upon respiration im the 
and 


ndogenous 


ite, succinate art 


The 


pres 


respirati 
glucose of 
all the 
In general, 


nee of 


inhibited by 


his study the 


is produced with pyruvate 


succinate as the substrate 


duced 
h 


SIX 


pr only an insignificant 


which, in some instances, was a 


ers a slight stimulatior 


in otl 
antihistamines, however, (phen 
nd promethazine HCl 
e of succinate was very markedly 
and 


to a considerable degree from the 


respira 


phenindamine promethazine 


mines in that promethazine contains a 
nucleus while phenindamine may be 

1 phenylindene derivative with a 
lamino-ethyl side chain which has been 


forn 


Because the ar 


1 tetrahydropyridine ring 
tihist: 


therapeutk 


mines are thought to elicit 
effects 
ellular receptor sites, it was decided 


heir principa by blocking 
from « 
the effect produced on respiration of the 
ates in the presence of both histamine and 

mines It was found that the effects 


1 the antihistamines were not reversed by 


duced by 


Histamine, at a final concentration of 
produced 


the 


immune 


05 M 


a slight augmentation of oxygen 
nee of all 
ned to produce 


uptake in pres three substrates and 
1 somewhat more significant 


When 


antihistamines were both added 


endogenous respiration 
i the 
genates, however, the respiration was in 


hom 


to the 


hibited to essentially the same degree as when the 


histamine was omitted. Respiration in the presence 


f succinate was not inhibited by a combination of 


} 
ist 


imine and antihistamine except in those flasks 
t which phenindamine promethazine 
uided. In this latter instance the inhibition of suc 
oxidation the whether or 
histamine was added to the flasks. These results 
would indicate that the effects of the antihistamines 
m the respiration of rat heart is mediated through 
mechanisms other than those involving histamine 

it was shown that emetine, 
agent, inhibited respiration of heart 


or were 


cinate was same not 


In a previous study (4 
a cardiotoxic 
homogenates both in the presence and in the absence 
of glucose or pyruvate, and that emetine stimulated 
respiration in the presence of succinate. The effect 
of the antihistamines upon respiration of heart, in 
to similar to extent to the 
effects produced by emetine, yet the administration 
of the antihistamines does not evoke the cardiotoxic 
effects which often follow the prolonged administra 
Emetine, however, is a cumula- 


vitro, seems be some 


tion of emetine (5 


EDITION 593 


tive drug while the antihistamines are rather rapidly 
metabolized or excreted (6 

that the relatively 
of the 


hrough an inhibition 


meceivable muld 


It would seem cx 
cardiodepressant effects elicited by some anti 
istamines might be mediated t 
1 the 


thereby 


ther than succinate 
effect 
been re 


oxidation of metabolites 
increasing tl i 
uccinate upon the my I It 
rted that succir M licit a negative 
tropic effect upon and that 
ifter poisoning with chloro nol or pentobarbital 


motropK 
has 
strong 
eart slices 
the 


heart slices wert 


effect 


susceptible to this 
Other inves have reported that, 
conditions 

cinate markedly in 
sumption of dog myc 
otner 
wer fr 


under xygen tension, suc 
of oxygen con 
that 
for 


xidation 


rate 
and 
metabolites 


ite f 


uses the 
ardium succinate 
competes with 
sulting in a lo 


normally 


oxygen, re 
of the other 
The energy pro- 
inate is thought to be 
rates of other metabolic 
| onditions of 


occurring met lites 
duced by the oxidation 
incapable of increasing t 


h were ce 


oT suc 
1, 


processes whi pressed under « 


low oxygen tension 


SUMMARY 


l The effects produced by eight different 


antihistamines upon the respiration of rat heart 
homogenates has been studied 

2. All the antihistamines studied produced 
of of 
respiration in the presence of glucose or pyruvate. 


inhibition endogenous respiration and 


In general, inhibition was greatest with pyruvate 
as the substrate 
3. Six of the antihistamines produced little 


if any, effect on respiration in the presence of 


of the 
methazine HCl and phenindamine tartrate 


succinate Two anthistamines (pro 


pro 
duced a very marked inhibition of respiration in 
the presence of succinate 

t The effects on respiration were not signifi 
the addition of histamine 


cantly altered by 


REFERENCES 


Weston, G 
250(1951 
Batle, F., and Malamud, B., Ar 
102, 55(1955 
thid., 105, 221 
and Heim, H 


1) McCawley, FE 
Exptl. Therap., 102, 

2) Malinow, M 
pharmacodynamte 

3) Schaliek, W 

4) Deitrich, R 
1956 

(5) Gimble, A., Davison, C 
Exptl. Therap., 94, 431(1948 

(6) Goodman, L., and Gilman, A 
Basis of Therapeuties,’’ 2nd ed., The 
York, 1955, p. 659 

7) Wollenberger, A 
Biol. Med., 75, 838(1950 

(8) Purchtgott, R., and 
201(1948) 


and David, N 


1956 


Turs Journar, 45, 562 


and Smith, P J. Pharm 


The Pharmacological 
Macmillan Co., New 


and Yaffc, S. J., Proc. Soc. Expil 


Shorr, E., J. Biol. Chem 


175, 





Enzymatic Decomposition of Digitalis Glycosides 


II* 


By OLE GISVOLD 


RESULTS of previous investigations (1) 


| HE 


in our laboratories have shown that when the 


: bs ' , 
fresh leaves of Digitalis lanata, Digitalis lutea, 


and Digtialts ferruginea were disintegrated quickly 
in the presence of water or dilute methanol or 


ethanol, heated for a brief period and then fil 


tered, we were able to isolate or detect the desglu 


coglycosides such as acetyldigoxin, acetyldigi 


toxin, digitoxin, digoxin, and gitoxin. Apparently 
this technique leads to the ready enzymatic hy 


droly 


the native glycosides 


sis of the terminal glucose residue found in 
hese studies have been 
extended in a qualitative way to the following 
digitalis species, 1. e., Digitalis purpurea, Digitalis 


mertonensis, Digitalis amandiana, and Digitalis 
stberica. In all the digitalis species investigated 
the desglucoglycosides were obtained. In some 
cases this technique led to the ready isolation of 
It should be 


experiment, 


the glycosides in a crystalline state 


recorded that in a model adjust 


ment of the water or aqueous methanol or etha 
nol to a pH of 7 with a phosphate buffer did not 
alter the rapid enzymatic removal of the terminal 
glucose residue of certain digitalis glycosides 
Stoll’s (2) enzyme inhibiting technique when 
applied to the detection of the native digitalis 
glycosides is time consuming and the final prep 
aration is contaminated with many pigments. A 
greatly simplified technique has been developed 
which in my hands led to the ready detection of 
It differed only from the 


brief enzymatic studies in that 


the native glycosides 
the fresh leaves 
were first boiled for five minutes in either water, 
dilute aqueous methanol or ethanol, 
buffered (pH 7) 


phosphate 
water or phosphate buffered (pH 
Boiling 
for short periods of time apparently inactivates 


7) dilute aqueous methanol or ethanol 


the carbohydrase or carbohydrases that enzymati 
cally cleave the terminal glucose residue pres 
ent in the native glycosides. In all the digitalis 


species investigated, Stoll’s native glycosides 


could be detected. Buffered solutions were used 
in order to minimize the possibility of the hydroly 
sis of the glycosides. This, because the aqueous 
extracts of the fresh leaves of the digitalis species 
are below a pH of seven and the digitalis glyco 
sides that have a 2-desoxy sugar directly attached 
to the C;-OH group of the aglycon are sensitive 
to acid hydrolysis even in the cold 


* Received November 15, 1957 
Pharmacy, University of Minnesota 


From the College of 
Minneapolis 14 


The results of my investigations serve to em 
phasize further that the recording of the nature 
of the glycosides found in a given digitalis species 
should always be accompanied by an exact his 
tory of the plant material that was used. It 
becomes very clear that for isolation purposes of 
the cardiac glycosides found in the digitalis species 
the method of handling, i. e., collection, storage 
etc., and techniques of extraction determine to a 
great degree the products that will be obtained 
These factors also are extremely important when 
the whole leaf or extracts thereof are used for 
Phis 


absorption that is obtained by the 


oral purposes because the amount of 


ral route is to 
a great degree dependent upon the composition 
of the glycosides that are present, i.e., lanato 
side C versus digoxin or acetyldigoxin or purpurea 
glycoside-A versus digitoxin or more strikingly 
gitaloxin versus gitoxin, etc 
system (System II 


A new solvent has been 


developed that readily separates some of the 


native glycosides. It can be used by the ascend 
ing or descending techniques. Separations can 
be made in two to twenty-four hours depending 
on the composition of the glycosides and the 
degree of separation desired. This system also 
can be used to good advantage with the desglu 
cosides. Systems I and II give good separation 


of the genins which previously (3 
complished by 


has been ac 


another system on formamide 


impregnated paper. Systems requiring equili 
bration that will separate the genins also have 


been reported (4 


EXPERIMENTAL 


Paper Chromatography.—_Whatman No. 1 
in sizes approximately 14 cm. x 26 cm. were used in 
the ascending technique and used in the 
descending technique were 14 cm. x 38 cm 

Solvent System I.—This system is the same as 
that previously described (5 It consists of methy! 
isobutyl ketone-isopropy] ether, 100: 25 (by volume 
saturated with formamide The stationary phase, 
formamide, was applied to the paper via a 30% 
No equilibration is necessary 

This system was prepared 


paper 


those 


solution in acetone 

Solvent System II. 
from methyl isobutyl ketone, isopropyl ether, tetra 
hydrofuran, and formamide in the ratio of 40:10 
15:15. The stationary phase is the same as that 
used in solvent system II. No equilibration is 
necessary 

The reagents that were used in the paper chromato 
graphic studies were purified as previously described 
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l Isopropyl ether reagent grade was passed 


lumn of aluminum oxide to remove the 

letrahydrofuran also was passed through 
kind of column and then distilled and the 
fraction boiling at 65° was collected and used rhe 
n the paper were detected 
mond reagent (6) or by Jen 


Each of these 


through a c 
peroxides 


the same 


ositions of the glycosides « 

the use of the Ray 
sen’s trichloroacetic acid reagent (7 
disadvantages 
than the latter 


blue fluoresence 


reagents has its advantages and 
The former is much less sensitive 
The latter ] 


will show with 
compounds such 


bright 
ind other substances in 
tt readily detected by the 


Furthermore 


gitoxin 
concentrations that are m 
i blue fluorescing 
R ,- value 
Tr isk i vell yw OT soTneC 


I have shown the 


Raymond reagent 
have the same is some other 


ompletely 


ubstance may 
glycoside and thu 
other color that might be present 
some of the 
of digitalis that give a red color in the sulfuric acid 
Keller-Kiliani color reaction that do not 


ligitoxose and do not give 


presence of some substances in species 


laver in the 
have 1 Raymond reaction 


1 paper but do give a strong blue fluoresence with 
wcetic acid substances 


the trichloro reagent These 


Tr) ntl rer 
ipparent I l 


Extracts from Brief 


600 to 


Enzymatic Treatment. 
800-Gm. lots of the fresh 
digitalis species 
mertonenst and 
the fall of 1956 These 
described using approxi 


Approximately 

leaves of each of the following 
i ferrucine 

ima were collected in 

were treated as previousl) 


mately 


aqueous methanol as the solvent to 
ich of these extracts 


successive portions of a 


obtain the primary extracts. |! 
was extracted 
mixture 
of 3 to 1 


by three 


with three 
ind methylene chloride (in a ratio 
This was followed 
ethyl 

ombined was labeled extract B 


of ether 
und labeled extract A 
successive extractions with acetate 
rhe 
wove extracts were examined by paper chromatog 
raphy 


} 


which when « 


} 
i 


The results of the 
ire directed t 


studies recorded in this paper 
ward the identification of those digi 


talis glycosides that occur in major amounts Fig- 
1 typical chromatogram that was obtained 
1 with solvent system I and the Ray 


Figure 2 is a typical chromatogram 


ure 1 is 
from extracts 
mond reagent 
that wa 


»btained from extracts A with solvent sys 


tem I and the trichloroacetic acid reagent. These 
two figures in part, substantiate the preceding dis 
rhis can be further illustrated by Fig. 3 
was taken to place the same 


starting line 


cussion 
in which special care 
imounts at the The chromatogram 
before spraying with the reagents was cut longitudi 
nally along the dotted lines indicated in Fig. 3 
Extracts B when examined paper chromatograph- 
ically using solvent systems I and II showed the ab- 
desglucoglycosides. Some of these 
showed the presence of glycosides that 
moved on paper in the proximity of lanatoside C 
No further 


these extracts at this time 


sence of the 
extracts 
were carried out on 


extensive studies 


Isolation of 
following general procedure was used 
material that obtained from extract A was 
dissolved in about 20 cc. of methylene dichloride 
and then diluted with 60 cc. of ether. This mixture 
was extracted quickly with two to four successive 
small portions of 1% aqueous sodium hydroxide 
The organic layer was then washed once with 1% 


the Crystalline Glycosides.—The 
The solid 


was 
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Fig. 1.—Solvent system I; S.F. = 
S.L. = starting line 
digitoxin; 3 = acetyldigoxin; 4 = 
Digitalis ferruginea: B Digitalis amandiana 
ts siberica: D Digitalis mertonensis: E 
igitalis purpurea. Raymond reagent used t 
cate the glycosides 


solvent front; 
acetyldigitoxin; 2 


digoxin; A 
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2.—Same as that for Fig. 1 except trich!oroacetic 


acid was used to locate the glycosides 


aqueous acetic acid and lastly once with water. At 
this point, in some cases, glycosidic material sepa- 
rated rather quickly and was subsequently identified 
as gitoxin, acetylgitoxin, or unknown glycosidic 
material depending on the species of plant under 
examination. The solvent was removed and the 
residue digested several times with petroleum ether 
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Fig. 3.—Solvent system 1; S.F. = solvent front; 
S.L. = starting line 1 = Digitoxin; 2 = acetyl- 
digoxin; 3 = gitoxin (as an impurity in digitoxin 
\ = First crop of crystals that were obtained from 
Digitalis mertonensis I = Portion sprayed with 
the Raymond reagents; Il = Portion sprayed with 
trichloroacetic acid reagent 


The residue was then dissolved in a small quantity 
of methylene dichloride and carefully diluted with 
pure isopropyl ether. In some cases the mixture 
was seeded with digitoxin or acetyldigitoxin that 
had been previously crystallized from the same sol 
vent mixture. The flask was loosely stoppered and 
illowed to stand at room temperature or in the re 
frigerator until crystallization had taken place 
The crystalline glycosides were collected and ex 
amined per se, after deacetylation and after hydroly- 
sis by paper chromatography using solvent systems 
I and II. The hydrolysis of the glycosides was 
accomplished in the usual Deacetylation 
was effected by sodium hydroxide in the usual way 
and by the use of IRA-401 ion exchange resin. IRA 
401 resin prepared in the usual way gave slow de- 
acetylation in 85% aqueous methanol or ethanol 
Complete and rapid (fifteen minutes) deacetylation 
was accomplished when the base form of the IRA- 
401 resin was used in a finely powdered form 

The results of the above studies showed that the 
crystalline were digitoxin and gitoxin 
from Digitalis mertonensis and Digitalis purpurea, 
and acetyldigitoxin from Digitalis siberica, Digitalis 
ferruginea, and Digitalis amandiana 

Figure 4 represents a typical chromatogram ob- 
tained in the characterization of these crystalline 
glycosides 

Figure 5 illustrates the use of system II for the 


way 


glycosides 
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Fig. 4.—-Solvent system I; S.! solvent front 
S.L. = starting line; 1 Acetvidigitoxin; 2 
digitoxigenin; 3 = digitoxin \ Crystalline 
glycoside from Digitalis siberica; B \ hydro 
lyzed; C = \ deacetylated Raymond reagent 


used to locate the glycosides and aglycons 
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Fig. 5.—Solvent system II; S.F. = solvent front; 
S.L. = starting line. 1 = gitoxin; 2 = gitoxigenin 
from hydrolyzed gitoxin; 3 = impurity in gitoxin 
(gitoxigenin); 4, 5, and 6 = brown spots resulting 
from the hydrolysis of gitoxin and gitoxin from Dig 

talis mertonensis; 7 = anhydrogitoxigenin { = 
gitoxin from Digitalis mertonensis; B = A hydro 
lyzed. Trichloroacetic acid reagent used to locate 
the glycosides and aglycons 
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obtained 
spot was ob 
Digitalis m 

material 


was 


from 
crystalline 
nensis that | the 
gitoxigenin In some 


wed the solvent front 


his possib! 


separation can 


vee! digitoxigenin 


wer 
Mertonensis. 


fresh 


{24 r slig v k 
from Digitalis 
600 Com | 


oncentrated to 


mperatur 
Digitoxi 


xtrac i from 


When 


leaves of Di 


1 small volume and 
of the 


iss thus obtained was 


was <« 
wly to dryness some 
he m 
nethylisobutyl ketone or a 
hloride and ether (1:3 
hite crystalline 
d The 
Digestion with methylen 
chiefly 
dichloric 


] i 
glycosides 


300 mg above re 


that was gitoxin 


methylene 
f methylene di 
of digitoxin th 


\ secon 


ier gave 
Koefler Bk , 223 
f digitoxin was obtained 

of digitoxin from Digitalis merton 
wods described in this paper appear t 
When th 


no direct separation of 


is method was 


the initial extract A 


crystalline state only 


1 under > ge 
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Fig. 6.—Solvent system I; S.F. = solvent front 
S.L. = starting line 4 = Digitoxin; B = crystal 
line glycoside from Digitalis mertonensis; C = A 
hydrolyzed; D = B hydrolyzed. Raymond rea 
gent used to locate the glycosides and aglycons 
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The following gen 
the nature of 


Enzyme Inhibiting Studies. 
eral procedure was idopte dt 
the native digitalis glycosides found in the following 


examine 
purpurea, ferruginea, 

berica. A small 
handful of leaves was placed in about 125 cc. of boil 
ing distilled water and boiled for 
distilled water was buffered at pH 7 


digitalis species, i. ¢ anata 


mertonen amandiana, and 


five minutes In 


uses the 


some « 


with phosphate 


\ phosphate buffer was used to prevent any 


digitalis glycosides Al 
of dis 


obse rved, 


possible hydrolysis of tl 
s between the use 
1 phosphate buffer were 
that better 
obtained when a phosphate buffer was used 

rhe mixture is blended for five minutes 
and filtered 
under the general procedure and extracts A, and BA, 


though no great difference 
tilled water and 


nevertheless, it appeared results were 


then w 
is extracted as described 


rhe filtrate w 


were obtained These extracts were concentrated 


to dryness under a vacuum and then dissolved in 
mixture 


and 


about a 2-cc of equal parts of methylene 
dichloride 


examined paper chromatographically with the follow 


methan These extracts were 


ing results 


Figures 7 the absence 


Extracts <A, 


s native glycosides where 


ind 8 clearly demonstrate 


of the desglucoglycoside contain 
chiefly the A series of Stoll 
is extracts B, contain the C 
substances No attempt 
he minor glycosides found in the 

Paper 


series and/or other gly 
cosidK has been made at 
this time to resolve t 
investigated chromato 
grams clearly that n 


of which m not be flected by the 


digitalis species 
inor glycosides are pres 


short 


show 


ent some 
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Fig. 7.—Solvent system II; S.F. = solvent front: 
S.L. = starting line. 1 = Acetyldigitoxin; 2 = 
digitoxin; 3 = acetyldigoxin; 4 = gitoxin; 5 = 
digoxin; 6 = lanatoside A; 7 = lanatosideC. A = 
extract B, from Digitalis purpurea; B = extract A, 
from Digitalis purpurea; C = extract B, from Digi- 
talis lanata; D = extract A, from Digitalis lanata 
rrichloroacetic acid reagent used to locate the glyco 
sides 
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Fig. 8.—Solvent system II. 6 = Lanatoside A; 
lanatoside C \ = extract A, from Digitalis 
siberica; B = extract B, from Digitalis 
Trichloroacetic acid reagent used to locate the glyco 
sides 


stberica 


that 
the major glycosides 


period of enzymatic activity hydrolyzes the 
unit from This is 
probably the case with digifalinum verum found in 
Digitalis lanata and a glycoside found in Digé#talis 
purpurea that moves on paper with solvent system 
II the same as digttalinum verum 

Figure 7 shows the presence of purpurea glycoside 
\ (No. 8) in both extracts A, and B,, the remaining 
spots possibly could be purpurea glycoside B and 
other glycosides. Lanatosides A and C are definitely 
shown to be present in extracts A, and B, as 9 and 
10 respectively. Other glycosides also are present 

Figure 8 shows the presence of lanatoside A in 
extract A;. Extract B, also contains some lanato 
side A and what appears to be lanatoside C even 
though no acetyldigoxin was encountered in the 
extracts made from Digitalis siberica after a short 
fermentation period. An intense deep blue spot 
remained at the starting line in extract B, 

In Fig. 9, extract A, from Digitalis mertonensis 
shows the pronounced spots comparable to lanato- 
side A and B. This was quite unexpected because 
no acetyldigitoxin or acetylgitoxin could be de- 
tected in extracts that were made from this plant 
following a short fermentation period. Lanatoside 
C appeared to be absent whereas the presence of 
lanatoside B is indicated. A descending paper chro- 


glucose 
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matogram was run for sixteen hours to verify the 
absence of lanatoside C and to confirm the presence 
of lanatoside B. Extract 3B, from Digitalis mertonen 
sis gave a chromatographic picture the same as 
extract A,, however the spot for lanatoside A 
the spot for lanatoside B much 


was 
weaker and was 
brighter 

results of extract A, from 
different from 
those obtained from the other species in that a very 
pronounced spot that indicated the 
presence of gitoxin in addition to one for lanatoside¢ 
A. The presence of lanatoside A also 
in extract B together what appeared to be 
lanatoside B 


The chromatographic 
Digitalis amandiana was strikingly 


was obtained 


was shown 


with 
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= solvent front; 


Fig. 9.—-Solvent system II; S.F 
4 gitoxin ; 


S.L. = starting line. 1 = Digitoxin; 2 = 
lanatoside A; 4 = lanatoside B. A = extract 
A, from Digitalis mertonensis; B = extract B, from 
Digitalis mertonensis; C = extract A; from Digitalis 
amandiana; D = extract B, from Digitalis amandi- 
ana. Trichloroacetic acid reagent used to locate the 
glycosides 


2 
oso = 


Figure 10 is recorded to show the separation of 
lanatosides A, B, and C by the use of solvent system 
II by the descending technique after seven and one 
half hours. Shorter times do not separate lanato 
sides B and C, however longer periods than seven 
and one-half hours effect greater separations. Digi 
talinum verum moves at a slower rate than lanato 
toside B and gives a bright blue-white fluoresence 
with the trichloroacetic acid reagent. Strospeside 
moves at the same rate as lanatoside A and gives a 
bright white fluoresence. This chromatogram also 
shows the composition of some of the native glyco- 
sides of Digitalis lanata (enzyme inhibited extrac- 
tion). 

Chromatographic Analysis of Gitalin.—Gitalin 


when examined paper chromatographically (see 
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Fig. 10 olver ystem I] descending tec} 


nique; S.I ting line. 1 = Lanatoside A 
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lanatoside B; 3 lanatoside C; 4 = strospeside 


5 digita rum; A extract prepared from 
enzyme inl d igtialts lamata Trichloroaceti« 


acid used to locate the glycosides 
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S.F. 


Fig. 11 Solvent system II; S.L. = starting 


line; S.F. = solvent front 1 = Gitoxin; 2 = 


digi 


toxin; A = gitalin. Trichloroacetic acid reagent used 


to locate the glycoside s 
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Fig. 11) using solvent system II showed the presence 
f five distinct spots one of which corresponded to 
gitoxin and another to digitoxin The remaining 
spots gave a blue fluoresence under ultraviolet light 
Studies with Dried Digitalis Purpurea.—Some 
fresh leaves of Digitalis purpurea were dried in an 
incubator at 60° overnight The dried leaves were 
pulverized and extracts made as previously de 
cribed. These extracts when examined by solvent 
system II definitely indicated that considerable di 
gitoxin and gitoxin had been generated by enzymatx 
wctivity during the drying of the leaves, however, it 
was by no means complete 
gp The results of these preliminary studies are re 


rded in Fig. 12 
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Fig. 12.—Solvent system I1; S.F. = solvent front; 

= starting line 1 = digitoxin; 2 = lanato 

side A; 3 = lanatoside C. A = extract A from 

Digitalis purpurea dry leaves; B = extract B from 

Digitalis purpurea dry leaves; C = extract 4, from 

Digitalis purpurea dry leaves; D = extract 3, from 
Digitalis purpurea dry leaves 
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Enzymatic Decomposition of Digitalis Glycosides III* 


By OLE GISVOLD 


Enzyme inhibiting and enzyme favoring extraction techniques were applied to dried 


Digitalis purpurea \eaves and to Digitalis Reference Standard. 


Paper chromato- 


graphic examination of the various extracts showed that digitalis leaves when dried 

carefully below 60° and Digitalis Reference Standard contained large amounts of 

the native glycosides such as purpurea glycoside-A. When ethanol or methanol 

concentrations of 66 per cent or greater were used to prepare the primary extracts 

enzymatic inhibition was obtained. A pH of one favored the enzymatic removal 
of the terminal glucose unit of the native glycosides. 


phytochemical investigations 


Pp LIMINARY 
from this laboratory have shown that when 
the fresh leaves of a number of digitalis species 
were extracted by a technique that permitted a 
short period of enzymatic activity, the desgluco 
glycosides could be isolated or detected by paper 
fresh 
leaves were boiled for a short period of time be 


chromatographic techniques (1). If the 


fore extraction, the native glycosides only could 
be detected by paper chromatographic methods 
I had never intended to reinvestigate Digitalis 
purpurea, falsely believing that little remained 
to be done in this area. However, my ex 
periences with the fresh leaves of the other species 
of digitalis led me to instigate some studies with 


The U 


digitalis is prepared from digitalis that has been 


dry leaves S. P. states that powdered 


dried at a temperature not exceeding 60 I 
therefore dried some fresh leaves at 60° in an 
oven equipped with a blower. The leaves dried 
in a few hours and readily could be pulverized 
after When 


examined by enzyme ‘avoring and enzyme in 


twelve hours these leaves were 
hibiting techniques previously described (1) the 
results were somewhat comparable to those ob- 
tained from the fresh 


leaves. Some of the 


desglucoglycosides were present in the dried 
leaves and much of the native glycosides were 
Dried leaves of Digtialis purpurea 
obtained from Callison Co 


also present. 
also were examined 
according to the same techniques and similar 
results were obtained. In this case it appeared 
that less desglucoglycosides were present in the 
dried leaf. An extract of the dried leaves made 
with 40 per cent (or less) methanol did not in- 
hibit the enzyme that cleaved the terminal glu- 
cose residue from the native glycosides whereas 
66 per cent (or stronger) methanol or ethanol com- 

pletely inhibited the enzymatic activity 
When the fresh leaves of Digitalis purpurea 
were dried at 100° and subsequently examined 
by enzyme only the 
detected. This 


* Received April 25, 1958, from the College of Pharmacy, 
University of Minnesota 


inhibiting techniques, 


desglucoglycosides could be 


implied that enzymatic cleavage of the terminal 
glucose unit had taken place during the drying 
process. Because enzymatic activity is de 
stroyed by plunging fresh or dried leaves into 
boiling water, it would appear that enzymatic 
activity must have been completed while the 
leaves were warming up to 100 These studies 
being of a strictly qualitative 
able 


zymatic or otherwise that may have taken place 


nature were not 


to detect any minute decompositions en 
bevond the digitoxin stage 


An alcoholic (enzyme inhibiting concentra 
tions) extract from powdered Digitalis purpurea 
containing the desglucoglycosides was prepared 
from a powdered leaf preparation that contained 
the native glycosides The powdered leaf was 
first covered with a small amount of water and 
the mixture digested at 40 to 60° for about ten 
minutes to one hour. Alcohol was then added 


and the extraction carried out in the desired 


manner. Chromatographic examination of ex 
tracts prepared in this way revealed that most 
of the native glycosides had been converted to 
the desglucoglycosides 

After 
leaves of 


that carefully dried 
pu rpu rea 


became 


demonstrating 


Digitalis contained much 
necessary to de 
termine the effect that a pH of one would have 


upon the enzymatic activity of the leaf because 


native glycosides, it 


the whole powdered digitalis leaf is sometimes 
used orally. The leaf mixed 
with water having a pH 1 and allowed to stand 
After 
working up this preparation in the usual way I 
was able to show that the native glycosides had 
been converted chiefly to the desglucoglycosides. 


powdered was 


with occasional shaking for one hour. 


This demonstrated that the enzyme activity was 
not inhibited. The results also indicated that 
under the conditions of the experiment only 
removal of the terminal glucose residue had taken 
place. 

Strospeside occurs in the extracts obtained 
from both the enzyme inhibiting and enzyme 
favoring procedures. 


600 
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Enzyme inhibiting and enzyme favoring tech 


niques when applied to U. S. P. Digitalis Refer 


ence Standard 1942 also gave the same results 


that obtained from the dried leaves It 


that this 


were 


can be concluded reference powder 


contained the active cardiac glycosides chiefly as 


| 


the native glycosides. It also implied that the 
enzyme that cleaves the terminal glucose residue 
was still active 


Phe above 


Digitalis 


results indicate that when U. S. P 
Standard 1942 


purposes, the 


Reference was and 1s 


used for biological native 


asSa) 
glycosides 


to be 


glycosides are the chief reference 


This is because the primary extract used 
for assay purposes is made with an alcohol con 
that c inhibits the en 


of the 


centration mpletely 


rymes present. In the case digitalis leaf 


or powder to be assayed much would depend on 
leaf was grown and how it was dried 


he 


where the 
and stored as to the nature and amounts of t 
glycoside 5 


MLD 


ug./Kg. in cats of purpurea glycoside-A which 
K t f pury l le-A whicl 


There is a marked difference in the 


is 469 and digitoxin which is 330 The same 1s 


true for purpurea glycoside-B which is 548 and 


gitoxin which is 400 This is onl art of the 


problem in the case of Digitalis purea All 


, , 
prior biological assays purpurea are 


terms of relating 


Although Digtialis pur 


meaningless in such values to 


oral activity in man 


purea may contain variable amounts (0 to ver 


high percentages) of purpurea glycoside-B (or 


gitoxin) these glycosides are not absorbed orally 


this also ts 
1 


speside ilso 


in a cat and very probably true in 


variablk 


and even though 


humans. Str occurs in 
amounts in Digtialis purpurea 
it has a MLD ug./Kg 
properties probably preclude it from being ab 
orally Nothing is 
absorption of purpurea gh) 
pr ybably 


Digitoxin on the other 


in cats of 586, its physical 


sorbed known of the oral 


coside-A but it ts 
considerably lower than digitoxin 
hand ts claimed to be ex 


cellently absorbed if not 100 per cent 


It would appear therefore that an 


needed to determine the oral potency of Digital 
rhis 


the results could be 


p might be done in animals 1 


irpurea 
correlated in humans An 


ilternate solution would be an assay involving a 


determination of the amounts of the orally ab 


si rbable glycoside or glycosides by physical, 


chemical, or instrumental methods. In _ this 
case an assay for the digitoxin content probabl; 
would be most useful 

cosice 


little 


were 


jorimetric) for the gly 
had 


assays 


Prior assays (c 


ot Ligialis purpurea also 


content 


significance his is because such 
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S. F.= solvent front, 


Fig. 1.—Solvent system LI; 
L 4 


= startingline. 1 = digitoxin; 2 = gitoxin; 3 
lanatoside-A; 4 = lanatoside-C; 5 = strospeside; 
6 = purpurea glycoside-A; 7 = purpurea glycoside 
B \—Represents the chromatogram of an extract 
obtained from Digitalis purpurea powder dried at 
60° orlessor U.S. P. Digitalis Reference Standard 
rhe extracts were prepared by the enzyme inhibiting 
techniques, i. e., boiling water or strong alcohol 
B—Represents the chromatogram of an extract 
obtained from Digitalis purpurea powder dried at 
60° orlessor U.S. P. Digitalis Reference Standard 
rhe extracts were prepared from the powdered leaf 
by a brief enzymatic treatment; one hour exposure to 
in aqueous medium at pH 1; alcohol concentrations 
of 40° or less or digestion with a small amount of 
water at 40 to 60° followed by ethanol. B—Also 
represents the chromatogram of an extract obtained 
by enzyme inhibiting techniques applied to digitalis 
leaf that had been dried at 100 


S 


based upon the presence of the a,8-unsaturated 


lactone ring which is present in all the cardio 


active glycosides whether they are orally ab 


sorbed or not. Such assays suffered from the 


same disadvantages as did the biological assays 


EXPERIMENTAL 


rhe details of the paper chromatographic tech- 


niques used in these studies have been described 





602 JOURNAL OF THI 


Solvent system IT was used for the 
development of the paper chromatograms 


previously (1 
Jensen's 
was used to detect 
the position of the glycosides on the paper 

Extracts from Enzyme Inhibiting Treatment. 
rhe following general procedure was used Five 
grams of the powdered leaf was added to 100 cc. of 
boiling distilled water (or distilled water buffered to 
pH 7 with phosphate) and boiled for five minutes 
rhe filtrate was then extracted with three successive 
portions of 30 cc. each of dichloride 
The methylene dichloride removed and the 
residue dissolved in of methanol for 
paper chromatographic examination 

When alcoholic « 
that inhibited 
drug (6 Gm 


trichloroacetic acid reagent (2 


methylene 
was 


about two cx 


oncentrations (66°, 
enzymatic 


or higher 
used the 
overnight and the 
filtrate concetitrated under vacuum to remove 
of the alcohol he 
Water to make and 
successive times with 25-c« 


activity were 


was macerated 
most 
was then diluted 
then extracted 
portions each of 
petroleum ether to remove much chlorophyll rhe 
iqueous solution was then processed as above If 
the final methanol was too highly pig 
mented it was partially depigmented by methods 
described in previous publications (1) or directly 
by treating it with small successive portions of the 


concentrat< 
with 100 ec 


thre 


solution 
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finely powdered base forin of the ion exchange 
resin IRA-401. 

Extracts from Brief Enzymatic Treatment.—-Five 
grams of the powdered leaf was added to 100 cc. of 
water and the mixture warmed to 50 to 60° for ten 
minutes. The filtrate then was treated as described 
under extracts from enzyme inhibiting treatment 

Extracts from 40°, Methanol.—Five grams of 
powdered leaf was macerated overnight with 40% 
methanol and the filtrate processed as 
where 


described 
concentrations of 66°, or higher 
were used to make the initial extract 
Studies comparable to those described in the 
above experimental part have been 
Digitalis These 
and reported at a later date 
Figure 1 has been made by reconstructing a num 
ber of actual chromatograms in order to conserve 
[nis JouRNAL. The representations are 
so close to the actual chromatograms that little if 
any accuracy has been sacrificed 
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A Study of the Oxidative Metabolism of 
Acetylsalicylic, Salicylic, and Gentisic Acid in 
Fevered Animals* 


By ROSS E. CRABTREE,+ JOHN B. DATA, and JOHN E. CHRISTIAN 


Labeled compounds were used to study the metabolism of salicylates in rats. A 
method, electrophoretic separation, was developed to identify the oxidative meta- 


bolites. 


ministered compounds. 


Analysis of tissue extracts by this method generally revealed only the ad- 
However, gentisic acid was found in the pituitary region 
of fevered rats administered either acetylsalicylic or salicylic acid. 


It was not found 


in the pituitary after administration of these compounds to nonfevered rats or after 
administration of gentisic acid to fevered rats. 


S' VERAL DRUGS form active metabolites, and in 


some cases. these metabolites are actually 


responsible for the activity of the compounds 
Salicylates are known to form at least one active 
metabolite, gentisic acid, which is found in the 
urine of subjects administered salicylates (1) 
This compound, 2,5-dihydroxybenzoic acid, has 


’ 


been shown (2, 3) to produce the same antipy 


retic effects as salicylates without the untoward 


* Received January 27, 1958, from the Bionucleonics Lab 
oratories, School of Pharmacy, Purdue University, Lafayette 
Ind 

Presented to the Pharmacy 
Meeting, December, 1957 

t Present Address Eli Lilly and Company, Indianapolis 
6, Ind 


Section, AAAS, Indianapolis 


eflects of “‘salicylism However, authorities (1) 
state that it cannot be the active form of salicy! 
ate, because it must be given in the same high 
dosage as sodium salicylate in order to obtain the 
same therapeutic effects. It is also stated (4) 
that the amount formed in the body after the ad 
ministration of sodium salicylate is not sufficient 
to exert the action. 

Recent work (5, 6) has shown that there is se 
lective accumulation of radioactivity in certain 
tissues of the body after administration of la 
beled salicylates. No work has been reported on 
the form in which the radioactive material is 
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present in these tissues. This study was under 
taken to determine whether any metabolic prod 
ucts of salicylates are present in the tissues during 
the time in which the antipyretic action is being 
exerted 


EXPERIMENTAL 


Metabolites. 
It 

201-202 

the 

It melted at 

contam 


Synthesis of Possible 
acid was purchased commercially 
at 
acid was prepared by 


Centisx 
was electro 
phoretically pure and melted 
2-Acetylgentisix 
of Bergmann and Dangschat (7 
168 It gentisic 
when examined by electrophoresis 
acid synthesized by) 
labern (8, 9 It melted 


Corr proved to acid 
mpurity 
>- Trihydroxybenzok 


f Schock 


us 

was 

and 
It 


when examined elec trophoreti 


ilso proved to contal 
ntisi 1d 
I acid 


the 


jwugh gentisic was an 


impurit 
products, compounds 
bl 


lish their 


these wert 


metabolic be 


esta 
havior 

Synthesis of Labeled Compounds.-C 
vin ind C-14 
synthesized in these laboratories by 

and Christian (10 
C-14 Carboxyl gentisic 
radioactive 
11 


radioactive 


} 


14 C 
acetylsalicylic 


Borst 


oxy! salic carboxy] 


icids were 


acid was synthesized fron 
the Brodi 
modifications for the 


To 25 of 0.1 M pl 


salicylic acid by method of 


using necessary 
0) mi 
pH 6.6, there was added 207 mg 
acid, 87 FeSO,7H,O, 47 
EDT 


solution w 


synthesis 
phate solution, 
of C-14 
mg. of 


salicylic mg of 


ethylenediamine tetraacetic acid 
mg. of The 
36° for four hours during which time 
bubbled the 
wcidification with hydrochloric acid the 
30 ml. of chloroform folk 
5 extractions with 30 ml. of ether. On evapora 
yielded 90 mg. of un 
rhe other extract contained 
the gentisic acid, crude yield 60° 
the identity of the compound 
isolated, a portion of the product was subjected to 
separation on a chromatographic column according 
to the general method described by Trenner (12 
rhe solvent pair was glycerol-ethyl acetate and the 
holding solid was Supercel. The progress of the 
the column was followed by its fluores 
ultraviolet light The flourescent 
from the column, after 
evaporation of the solvent, white crystals remained 
product pure, 
chemically pure, and it had the same melting point 
commercially Phe 
specific activity determined in the Actigraph appara 
tus' was 740 c. p. m./mg 
Procedure._-Fever was produced in the animals 
use of peptone solution according to the pro 
cedure given by Buller, ef al. (13 The drugs were 
dissolved in 1 ml. of 0.1 M phosphate solution, pH 
7.4, and administered by injection 
Table I shows the dosage schedule in which the 
various compounds were administered. Forty-five 
minutes after injection the rats were decapitated, 


and 616 orbic acid 


kept at 


was vigorously 


asc 
ur 
After 


was 


into solution 
solution 


extracted 4 times with wed 


by 
tion the chloroform extract 


reacted salicylic acid 


In order to prove 


material on 


cence under 


material was eluted and 


rhe was electrophoretically radio 


is acid obtained 


gentisi 


by 


subcutaneous 


Model 
Corp 


No. C.100-Nuclear 
Chicago, I1)., 1.4 mg./cm 


Instrument and Chemical 


mica window 


EDITION 603 


I.—Dosack SCHEDULE FOR SALICYLATE 
COMPOUNDS ADMINISTERED TO RATS 


TABLE 


No 
Rat 
Group 


ot 


Condition 
C-14 Acetylsalicylix 
acid 
Acetylsalicvlic acid 
C-14 Acetylsalicylic 
icid 
Acetylsalicylic acid 
C-14 Salicylic acid 
C-14 Gentisic acid 
2-Acetylgentisic acid 
(rventisic ind 2,3,5 
trihydroxybenzox 
acid mixture 


Febrile 
Febrile 


Nonfebrile 
Nonfebrile 
Febrile 
Febrile 
Febrile 


Febrile 


imiv the blood examined in 


eriment 


the blood and ected rhe tissue 


were dissected, ind stored until 


sodium citrate and 


mediately centrifuged 1c plasma and red 
then separated and an 
idded to each of th 
he plasma sampl W tre 
he red cell 


nt rhe 


iatant 


were 


cetone 


equal volume 


ach 


ese fractions. E 
ite d 


were pooled 


separate ly " 
for measure 
the 


extract 


mixtures were centrifuged and 


super! liquids dried over sulfuric acid in a 
vacuum desiccator 

The rest of the tissuc imples 
rhe liver, kidneys ear een, 
br ind pituitary 

alcohol, 

evaporated in vacu 

Electrophoresis. ll the 
jected to electrophoresi nm the 
rhe separations were made on 
Schuell 2045a filter paper striy 
used, pH 4.0, ionic strength 0.15. The compounds 
1:1 ethanol/buffer solution 
was applied to the negative side of 
Electrophoresis was for five hours 
of approximately 


were also pooled 


lungs, adrenals, 


Lin, wert varately homogenized 


with centrifuged the supernatants 


compounds were sub 
Reco apparatus.* 

Schleicher and 
Citrate buffer was 


and 
the 
at 
10 


were dissolved in 
0.02 ml 
strips 


350 v 


run 
which gave 
ma 

rhe spots were det 
tion 
nitrate 


ected on the strips by examina 
under ultraviolet light, by 
ind by 
for racin 


reaction with ferric 
he strips 
use of the 


radioactivity 
the 
furnished 


solution, 
activity by 


slits 


wert scanned 
with 


disk 
positioned 1 


Actigraph 
the 


apparatus Phe 


rey 


»-Cm™. sit 


instrument wert laced with a lead 


containing a VU vyhich Was 


im. above the papel 


strips 


RESULTS 
salicylate derivatives « 
separated by 
relative compounds 
Salicylic assigned a R, value of 
1.0 and the movement of the compounds compared 
to 1t 


Various in 


lable 


various 


be distinctly 


electrophoresis Il gives the 
the 


acid was arbitrarily 


movement ol 


? In the case of the p 
brain tissue on the floor 
cluded 
* Model No. E-800-2, Research Equipment Corp., Oakland 
lif 


tuitary 


f the 


ection of the surrounding 
third ventricle was also in 


La 
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Taste Il ELECTROPHORETIC SEPARATION OF 


SALICYLATE DERIVATIVES 


Compounds 
Salicylic acid 
Gentisic acid 
Acetylsalicylic acid 
2-Acetylgentisic acid 
5-Trihydroxybenzoic acid 


Acetylsalicylic Acid.—Table III shows the com 
pounds detected in the various tissues of the fevered 
rats administered C-14 acetylsalicylic acid. A rough 
estimate of the relative concentrations of the com 
pounds was made by comparison of the areas under 
the radioactivity curves 
that definite 
could not be assigned 


In most cases the curves 


overlapped so quantitative values 


rasite I1Il.—Compounps FOUND IN THE TISSUES 


APTER 


ASSOCIATION Vol. XLVII, No. 8 
to two nonfevered rats. The findings were generally 
the same as those with fevered rats except that 
gentisic acid was not found in the pituitary extracts 
Confirmatory experiments with nonradioactive 
acetylsalicyclic acid also failed to show any fluo 
rescent spot in the pituitary strips for nonfevered 
rats 

Salicylic Acid.—The results of the administra 
tion of C-14 salicylic acid were limited by the low 
specific activity of the compound. Only qualitative 
results were recorded. Salicylic acid was the only 
radioactive compound found in the plasma, red 
blood cells, heart, lungs, spleen, liver, and brain 
Gentisic acid was again detected in the kidneys, 
urine, pituitary extracts. An unidentified 
compound was found in the adrenal extract with 
the same R, 
experiments 


and 


value, 0.15, as found in the previous 


ADMINISTRATION CARBOXYL ACETYI 


SALICYLIC AcID TO FeveRED Rats 


Acet yisalicylic 
Tissue Acid 
Plasma - + 4 
Red blood cells + 
Kidneys 
Urine 


Heart 
Lungs 
Spleen 
Liver 
Brain 
Pituitary 
Adrenals 


* The concentrations are graded from 


acetylsalicylic and _ salicylic 
However, certain 


Gentisic 


In general, only 
acids were found in the tissues 
exceptions are noteworthy acid 
found in the kidneys, urine, and pituitary extracts 
[wo unidentified detected in the 
urine. One unidentified product was also found in 
the adrenal extract 

The three pituitary 
strip were sufficiently separated so that they could 
be cut out and the radioactivity determined under 
a Geiger-Miiller tube rhe three 
and 


was 


products were 


radioactive spots on the 


sections corre 
sponding to salicylic, acetylsalicylic 
acids gave equal activity demonstrating that gentisic 
acid was present in the pituitary in approximately 
amount of 


acetylsalicylic 


gentisic, 


equal concentration to the salicylic 
acid and to the amount of 
rhe section corresponding to gentisic acid was eluted 
alcohol pure added 
Electrophoresis of this solution gave only one spot 
rhe spot fluorescent contained all the 
radioactivity. This was taken as proof that the 
compound in the pituitary was gentisic acid 

For confirmation of these findings two groups of 
five fevered rats were administered actylsalicylic 
acid. In both groups the florescent 
sponding to gentisic acid appeared on the pituitary 
ilso found in the urine 


acid 


with and gentisic acid was 


was and 


spot corre 


strips. Gentisic acil was 
but not in the plasma 
C-14 Acetylsalicylic acid 


was also administered 


Salicylic 
Acid 
4 
+ 


+ (0.15 


» ++ ++ according to the relative areas under the radioactivity curves 


Gentisic Acid.—The labeled gentisic acid was also 
of low specific activity and only qualitative results 
were recorded. Gentisic acid was found in most of 
the tissue A radioactive peak corre 
sponded to the bright blue fluorescent spot of 
gentisic acid in every case except the pituitary 
In the pituitary a radioactive spot, R, value 0.73,* 
was found, but no fluorescence was observed. In a 
number of other 
recorded in a nonfluorescent 
value of approximately 0.70 
the plasma, red cells, liver, and adrenals In the 
two fluorescent were observed to he 
radioactive, R, values of 2.01 and 1.21 There was 
a third spot in the urine which did not fluoresce 
but was radioactive, R, value of 0.63 

Apparently gentisi 
distribution. The widespread occurrence of 
the nonfluorescent compound indicates that gentisi 
acid is changed by the body into another form which 
does not possess fluorescent properties 

2-Acetylgentisic Acid.—-Only one fluorescent spot 
corresponding to gentisic acid could be detected on 
the electropherograms after the administration of 
Hydrolvsis of 
ammonia 


examined 


was also 
with a R, 


tissues wert 


tissues radioactivity 
section 
These 


urine spots 


acid occurs in widespread 


body 


2-acetylgentisic acid to fevered rats 
the spots by placing the strips in an 


* In these results gentisic acid was used as the comparison 
compound (Rr = 1.0) 





August 1958 


reveal a second 


Phe 


indicate the 


atmosphere failed spot for 2 
had no 
gentisK 


patterns corresponded to 


acetylgentisic acid 
fluorescence t 
The 
ifter the 


\pparently 2 


pituitary igain 


presence of 


wcid urine those 


found udministration of gentisic acid 


acetylgentisic acid is quickly hydro 


lyzed in the body 
2,3,5-Trihydroxybenzoic Acid. 


ind 2 


Administration of 


the mixture of gentisic 3,5-trihydroxy benzo 
yphoretic patterns which were quite 
wcid itself. In most of 


1dministered compounds 


wcids gave electr 
similar to t se of gentisk 


the tissues only the tw 


were detected. However, the plasma and red 


that of gentisic acid 
from 
explain 


lls produced o one spot, 
The trihydroxy y ot be rec 
plasma \ n added in vitr hicl 
detected tn 1 


rvered 


may 


The 


trihydroxy 


spot for the 
that the tri 
partly 


urine strips showed a definite 


acid 


rhis indicates 


hydroxy compound is at least excreted un 


ch ingt d 


DISCUSSION 


ind Eb« 


the administration of 


rhardt (6) have reported that after 


labeled 


activity ar 


salicylate to 
the 
than in any 


sodium 


rats the radio cumulates in anterior 
ater concentration 


blood 
in febrile 


pituitary in a gre 


ther except the In the present work 


tissue 


it was shown that rats a significant part 


f this radioactivity in the pituitary is composed 


f gentisic acid rhe presence of this metabolite in 


the pituitary is highly 


workers 


significant since many 
that one of the 


activation of 


believe main actions of 


salicylates is hypothalami 


hypophyseal-adrenal axis (14-16 Since a high 


was found in this 
site of 


action 


concentration of gentisic acid 


was actually action 


The 


non 


present at the 
itity t the 
acid im the 


region, it 
im suthicient quar exert 


absence of gentisic pituitary of 
reason for the failure of 


temperature to 


febril migh one 


salicviate normal body 


subn winal le vel 
mixture of 


will 


1 found that a 
ascorbic acid, EDTA, and ferrous 
number of 


Udenfriend, ef a 17 
bring 
drugs In 
out that ascorbic 


ion 
ibout hydroxylation of a 
this connection it may be pointed 
acid occurs in high concentration in the pituitary 
8 rhis fact, combined with the relatively high 


concentration of radioactive salicylate which ac 


cumulates there, indicates that this could be one 


mechanism by which the gentisic acid is formed in 
pituitary 

rhe effects which 
acid are 
activation of the hypothalamic 
The total effect 
from stimulation or depression of several systems of 
Since widespread body distribution of 
metabolite found, the 
peripheral actions of salicylate are probably due to 
the salicylate itself rhis the 
possibility that the salicylate may form complexes 
with certain compounds of the body which in turn 


after the administration 


complex 


occur 


f acetylsalicylic and cannot be 
expained solely by 
hypophyseal-adrenal axis arises 
the body 


any salicylate was not 


does not exclude 


may exert these actions 
Dumazert and El Ouachi (19 

acid in the urine of rabbits and humans after the 

They 


detected levulinic 


administration of sodium salicylate postu 


SCIENTIFIC 


EDITION 


lated that it arose from rupture of the ring of 2,3,5 
trihydroxybenzox hydrolysis 
that 
excreted 
was identi 
fied by its yellow color in visible light and its strong 


acid during these 
past work it 
? 


2,3,5-trihydroxy benzoic 


procedure. In the was shown 


icid is partly 


unchanged The trihydroxy acid spot 


ultraviolet. 2,3,5-Trihydroxy 
acid probably is not a metabolite of sali 
rats \ approximately the 
value was also found in the urine of rats 
acid, but the 
and did not 
Hence, the spot was 
The unidentified 
on the urine strips were probably conjugated 
hydrolysis of the 


fluorescence under 
benzok 
cylates in with 
same R 


treated 
not 


spot 


acetylsalic yli 
visible light 
under ultraviolet 


with spot was 


yellow in fluoresce 
a 


not 2,3,0 


trihydroxybenzoic acid spots 
found 
products since urine strips in an 
ammonia atmosphere and separation of the alcoholic 


eluates gave only spots for gentisic and salicylic acids 


SUMMARY 


1. A method of electrophoretic separation was 


developed for oxidative metabolites of salicylates 


Synthesis of possible salicylate metabolites 


is reported. These are C-14 carboxyl gentisic 


acid, 2-acetylgentisic acid, and 2,3,5-trihydroxy 
benzoic acid 

§. The metabolic 
the 


acid, 


products found in various 


rat tissues after administration of labeled 


acetylsalicylic salicvlic acid, and gentisic 


acid were determined. Gentisic acid was found 


in the pituitary, kidneys, and urine after admin 


istration of acetylsalicylic acid and salicylic acid 


to fevered rats but not in any other tissues 
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The Relationships between the Histamine Liberating 
and Hypotensive Actions of 
1-Pheny1l-2-Dimethylaminoethoxymethy] 
Tetrazole Hydrochloride (TT-209)* 


By M. B. SLOMKA 


1-Phenyl-2 


-dimethylaminoethoxymethy| tetrazole hydrochloride (TT-209) produces 


a profound hypotension of long duration in the dog; refractoriness to the hypoten- 


sive action of TT-209 develops on repeated administration. 


TT-209's ability to 


produce hypotension is associated with its ability to increase plasma histamine con- 


centrations. 


TT-209 and compound 48/80 demonstrate a cross-refractoriness in 
their ability to affect dog blood pressure and plasma histamine concentration. 


It is 


concluded that the hypotensive action of TT-209 is mediated via a mechanism of 
histamine liberation. 


EXTENSIVE ANALYSIS of the hypo 


_ AN 


tensive action of 1-phenyl-2-dimethylamino 


ethoxymethyl tetrazole hydrochloride (TT-209) 


Yim 


action of the compound was due to its direct 


Gross, and Keasling suggested that this 


depressant action on the cardiac and vascular 


smooth muscle (1 rhe similarity of the hypo 
action of TT-209 to that of 


histamine liberators suggested that this action of 


tensive known 


the compound might be mediated via a mecha 


nism of histamine liberation. This possibility 


was tested in the experiments reported in this 


communication 
EXPERIMENTAL 


Methods. 
means of a manometer from a 
carotid artery of mongrel dogs anesthetized with 
sodium pentobarbital 33 mg./Kg All drugs were 
injected rapidly as saline solutions into a femoral 
In those experiments in which blood samples 


Blood 


mercury 


pressure was recorded by 


common 


vein 
were obtained for analysis of plasma histamine the 
withdrawn from the contralateral 
femoral vein from one to two minutes after drug 
injection into heparinized syringes 

Histamine bioassay was performed on guinea pig 
ileum strips suspended in an atropinized (atropine 
sulfate 10~*) Tyrode’s solution at 37 Strips were 
standardized to histamine prior to each addition of 
dog plasma. Pharmacologic identification of hista 
mine in plasma was established by the ability of 
Benadryl (10 to inhibit plasma contractions to 
the same degree as histamine contractions 

Results.—The prolonged hypotensive effect of 
10 mg./Kg. TT-209 in pentobarbital anesthetized 
dogs and the development of refractoriness to this 
action of the compound is illustrated in Fig. 1. The 
TT-209 refractory dog demonstrates a 


samples were 


cTOSs- 


* Received December 8, 1957 
Pharmacology, The 
Medical School, Dallas 

Presented to the American Society for Pharmacology and 
Experimental Therapeutics, Baltimore, Md., September 1957 
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48/80 


irom the Department of 
University of Texas Southwestern 
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refractoriness to the hypotensive action of 200 yg 
Kg. compound 48/80 but not to the hypotensive 
action of 0.1 cc./Kg. 10% 

The administration of 200 yug./Kg 
48/80 produces a hypotension similar in intensity 
and duration to that seen with TT-209; the animals 
are refractory to further administration of compound 
48/80. The compound 48/80 refractory 
demonstrates a cross-refractoriness to the 
action of 10 mg./Kg. TT-209 
The mean fall in blood pressure of 86°) produced 
by 10 mg./Kg. TT-209 was associated with a mean 
increase in plasma histamine concentration of 0.35 
ug./ec Table | 200 wg./Kg. compound 48/80 
produced a similar mean fail in blood pressure, 


Tween 20 


compound 


animal 
hypo 
tensive 


a5 Or 
and mean increase in plasma histamine concentra 
tion, 0.44 wg./cc., (Table III In dogs made 
refractory to TT-209 or compound 48/80 by prior 
administration of ether compound TT-209 or com 
pound 48/80 produced 
effects that were 


at most transient depressor 
associated with no measurable in 
creases in plasma histamine concentration Table 
II and II1) 

Discussion.—_The magnitude and duration of the 
hypotensive response and the development of toler 
ance to 10 mg./Kg. TT-209 agrees with that previ 
ously reported by Vim, Gross, and Keasling (1 
The hypotensive activity and the development of 
refractoriness to such activity of compound 48/80 
has been previously reported (2, 3, 4 Evidence 


TABLE I 
Doc 


Tne Errect or 10 mc./Ko. TT-209 on 
BLoop PRESSURE AND PLASMA HISTAMINE 
CONCENTRATION 


Blood Pressure Histamine Plasma Concn., ug/ml! 
Control Fall 1-2 Min 
mm. Hg » Control Post Drug 
160 88 None* 0.21 
124 81 None* 0.36 
122 85 None® 0.36 
I 144 83 None 0.23 
GG 128 87 None* 0.36 
VJ 138 90 None* 0.30 
KK 110 92 None® 0.32 
136 OH) None* 0.59 
2.% 5S, 8+1.3 0.35 + 0.04 


* None indicates less than 0.063 ug./0.5 mi 


volume used to assay for histamine 


the plasma 
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Fig. 1 Carotid blood pressure, time marks one 
Legend 1 marks injection of 10 mg./Kg 


C marks injection of 0.1 ml./Kg. 10°, Tween 20 


raswe Il Tue Errect o +/Kco 


minute ; 
r'T-209, B marks injection of 200 ug. /Kg 


TT-209 on Doc BLoop PRESSURE 


SCIENTIFIC EDITION 


a, 
ane. 


- B Cc 


kymograph stops of fifteen to thirty minutes 
compound 48/80; 


AND PLASMA HISTAMINE CON 


CENTRATION AFTER PRETREATMENT 


Blood Pressure 


Control 
Pretreatmen o Ni mm. Hg 
Refractory to 
rT-209 
118 
78 
82 
104 
} 144 
Refractory to 200 ug./Kg 
compound 48/80 
140 
106 
100 


indicates less than 0.063 ag./0.5 ml 


indicates liberation of endogenous histamine to be 
the mechanism by which compound 48/80 exerts its 
The cross-refractori 
ness shown between TT-209 and compound 48/80 
in their ability to produce their prolonged hypo 
tensive responses would indicate that TT-209 is also 
producing this effect via a mechanism of endogenous 
histamine liberation. This mechanism of action is 
supported by the apparent relationships between the 
ability of TT-209 to produce its characteristic effect 
on the blood pressure and to affect plasma histamine 
concentration in previously untreated dogs and its 


hypotensive activity (2-5 


Histamine PI 
Control 


asma Concn., ug./ mil 
2 Min 
Post Drug 


None 
None 
None 
None 
None 


None 
None 
None 


None 
None 
None 


the plasma volume used to assay for histamine 


inability to affect these parameters in TT-209 or 
compound 48/80 refractory dogs 

The inability of diphenhydramine to block the 
hypotensive response to TT-209 (1) is not inconsist 
ent with the proposed hypothesis. Although anti 
histaminic agents can block the response to small 
doses of histamine, they are not effective in blocking 
the hypotensive response to large doses of exogenous 
histamine (6) or the amounts of histamine presum- 
ably released in close proximity te histaminergic 
receptors by histamine liberators or in anaphylaxis 


) 
‘ 
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48/80 on Doc BLoop PRESSURE AND PLASMA 


HISTAMINE CONCENTRATION 


Blood Pressure 


Control 
mm. Hg 


110-160 
110-160 


Pretreatment Dog No 


None 


Refractory to 200 ug./Kg 

compound 48/80 80 
Refractory to 10 mg./Kg 

rT-209 


160 


GG 
LI 
NN 
rl 


78 
LOS 
146 
119 
i 
None indicates less 


than 0.063 ue. /0.5 ml 


The ability 
[ween 20 (8 


the 


of another known histamine liberator, 
, to produce prolonged hypotension in 
r'T-209 compound 48/80 dog indi- 
still be 
inimal, (6) the animal's releaseable 


refractory 


cates 1 1 hypotensive response can 
attained in the 
histamine stores have not been depleted, and (¢ 
r'T-209 in the dosage employed does not possess a 
significant degree of antihistaminik 


dog's va 


activity on the 


scular system 
SUMMARY 


Kg 
hypotension m the dog that is associated with an 


l ren mg TT-209 produces prolonged 


increase in plasma histamine concentration; 


refractoriness develops with repeated administra 
tion 


2 ['T-209 and compound 48/80 demonstrate 


ymen., wg./mi 
2 Min 

Post Drug 
0.13 +0.04 0.57 


None 0 


Histamine Plasma C« 


Fall Control 
+0.10 
4420.05 


None None 


None 

0 None 

0 None 

30 None 
22 + 14 


None 
None 
None 
None 


the plasma volume used to assay for histamine 


cross-refractoriness with regard to their ability to 
affect the blood pressure and plasma histamine 
concentration 


3. Evidence indicates that TT-209 produces 


its hypotensive action via a mechanism of 


histamine liberation 
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Zein as a Film-Type Coating for Medicinal Tablets* 


By EDWARD P. WINTERS and DWIGHT L. DEARDORFF} 


Zein, with and without certain additives, was added to isopropyl alcohol. 


Tablets 


coated with the resultant nonenteric fluids adequately withstand heat, abrasion, and 


humidity. 


Tastes and odors of the original tablets are concealed by the coating. 


Grooves and emblems on the tablet surface are retained and remain visible through 


the coating. 


The differences in solubility between the coated and uncoated tablets 


are negligible. 


ESTABLISHED METHODS of sugar 


| TILIZING 


coating, one of the larger pharmaceutical 


manufacturers in this country employs more 


than 150 coats to cover one of their tablet prod 


ucts adequately. This entire process, based on 


a regular working schedule, requires as many as 


five working days. While the resultant coated 

* Received November 25, 1957, from the College of Phar 
macy, University of Florida, Gainesville 

Abstracted in part from a thesis presented to the Graduate 
College of the University of Illinois by Edward P. Winters in 
partial fulfillment of the requirements for the degree of Master 
of Science in Pharmacy 

+ Present address 
macy, Chicago 


University of Illinois, College of Phar 


tablets 
remains to be 


are pharmaceutically elegant, much 


accomplished with respect to 
decreasing the time and labor involved. 

Perhaps the most expedient method of accom 
plishing this objective would be the development 
of a coating which would serve the general pur 
3) without the 
use of subcoat powders and buildup coatings 


that is, a “‘film-type’’ coating. 


poses of a nonenteric coating (1 


At least one phar 
maceutical manufacturer is currently producing 
tablets coated in this manner. Two of the more 


recent endeavors along these lines have been per- 
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Chavkin (4) and Doerr 


An effort has been made to produce a 


formed by Gans and 
tal. (5 
nonenteric coating fluid using zein which would 
not require the numerous coats now employed 
thereby resulting in a substantial diminution in 
Zein is resistant to microbial 


and is considered to be nontox 


equipment needs 
attack (6 


suitable for use 


and 
in functional coatings involving 
the ingestion of relatively small amounts of ma 


terial (7 


EXPERIMENTAL 


Materials.— The following abbreviations are used 
for zein and nonionic 
Z) Zein 
monolaurate, 


oleate, (S20 


surfactants employed in this 


study P20) polyoxyethylene sorbitan 

S80) polyoxyethylene sorbitan mono 
sorbitan monolaurate, (SSO) sorbitan 
(A&83) sorbitan sesquioleate, (Ax is 
tablets, 340 mg., Manufacturing 

Illinois, (Pa placebo 
Laboratories, 621-8914, 


5 ; from basic 


monooleate, 
pirin 
Laboratories, University of 
Abbott 


Doerr, et al 


pharmacy 


tablets, 250 mg., 
as described by starch 


lactose granulation, (Px) placebo tablets, 350 mg., 


Manufacturing Pharmacy Laboratories, University 
of Illinois, from basic 
used by Kore n(s 

Tablets (Commercially 
chloride, 7 gr., enteric 


starch-lactose granulation as 
ind Villacorta (9 
Coated ).—-Ammonium 
coated, Parke Davis and 
cascara sagrada extract, 5 gr., 
ferrous “*Fergon, 
sulfate, 3 gr., 
Laboratories 
Abbott 


Company Upjohn 


Company gluconate, 5 gr., 
Winthrop Laboratories ferrous 
Smith Kline and French 
salicylate, 10 gr., enteric 
Laboratories 

Apparatus.—The apparatus used in this study in 
cluded the following 20-inch galvanized iron 
coating pan, 20-inch galvanized iron canvas lined 
polishing pan 
were interchangeable on a motor driven bench stand 
p. m. Industrial 
Electric Model 203), 
Fisher Twin Infra-Red Rediator (each bulb rated 
250 watts), U. S. P. Disintegration Device (Scien 
tific Glass Apparatus Company, Inc Shaking 
machine (A. S. Aloe Company Desiccator 
Jar, 250 mm. (Central Scientific Company), and 5X 
Aplanat Magnifying Lens ( Bausch and Lomb 

Methods. — The coating formulas used may be ex 
plained as follows: the figures immediately follow 
ing the abbreviations previously described represent 


Feoso 


sodium coated, 


both the coating and polishing pans 
and revolved at a speed of 36 r 


vacuum machine (General 


Glass 


the percentage by weight of the preceding material 
In every instance the remainder of the formula is 
understood as being 91°) (v/v) isopropyl alcohol, 
a weight basis according to the pre 
scribed formula. For example, the formula Z-15 
(T20)-3 should be read as 15% zein, 3% polyoxy 


calculated on 


ethylene sorbitan monolaurate, and 82% isopropyl 
alcohol (91% by 
formula all being on a w 

Application of Zein-Additive Fluids.._The tablets 
were screened, weighed, and placed in the pan ready 
for coating. The first application of coating fluid 
was added almost immediately to lessen the possi 
bility of the uncoated tablets chipping while tum- 
bling in the rotating pan. The fluid was applied in a 
thin stream along the top of the tumbling tablets 


volume the percentages in the 


w basis 


SCIENTIFIC 


EDITION 609 
rhe tablets and coating were not warmed prior to 
ipplication 

A maximum interval of three minutes is required 
of the coating fluid, providing 
that warm air is directed onto the tablets rhis time 
amount of time 
required for the previous coating to dry A warm 


between applications 


interval is dependent upon the 


iir blast is necessary to shorten the drying period of 
tablets from 
the sides of the pan 


each coating, thereby preventing the 
idhering to one another or t 


t is of utmost importance that this warm air (54 


I 
| 
be applied only after the coating has been completely 


tablets 
is not adhered to closely, the co 


If this procedure 
ating fluid will dry 
before it has covered the entire batch, resulting in an 
uneven coating 


distributed over all the 


j 


visible tablet is evenly covered with 
fluid, the 


Excessive 


When every 
very thin coating of the warm air is 
applied immediately An quantity of 
fluid produces a rough, uneven coating and leads to 
the possibility of tablets clumping together Phe 
this situa 


warm air treatment will usually relieve 


tion, but generally when the tablets separate they 
ire irreparably marked at the point 
tact Shellac 
were prepared by standard methods employing the 
general formulas as 


see Table I 


of previous con 
sealcoat and wax polishing solutions 


commonly used in industry 


Addition of Colors. 
FD & C Blue No. 1 
Red No. 3 (erythrosine 
pared The majority 
performed using the red dye since 


Varying concentrations of 
Brilliant Blue) and FD & C 
in Z-15-(T20 
of the coloring experiments 


3 were pre 
were this was 
decided upon as being the more popular and appeal 
ing of the two colors employed 

Concentrations ranging from 
of FD & C Red No. 3 in Z-15-(T20)-3 were 
prepared added 
to the tablets in essentially the same manner as the 
uncolored zein fluids but failed to produce an evenly) 
tablet. Initial addition of Z-15-(T20)-3 
containing very small concentrations of FD & C 
Red No. 3, followed by subsequent coatings con 
taining increasing dye concentrations failed to im 
prove the uniformity of the coating color. The same 
negative results followed initial sealcoating of the 
tablets using shellac, 

After varying dye concentrations and application 
techniques it was found that, per 10,000 commercial 
placebos (Pa), 50 ml. of Z-15-(T20)-3 containing 
0.03% FD & C Red No. 3, added in a single contin 
uous fine twenty seconds of forced 
warm air applied immediately after all the tablets 
have been wetted by the coating fluid, produced the 
most desirable color. It is worth noting however, 
that the use of colored zein fluids, when applied in 
the same manner as the uncolored zein fluids, but 
with increasing concentrations of dye per applica 
tion, can also result in a rather unique, strongly 
variegated coating, should this be desirable 


0.02%, to 0.5% 


w/w 


These colored zein fluids were 


colored 


stream with 


Visual Examination of Coated Tablets._Random 
samples of the coated and uncoated tablets listed 
in Table II were examined for luster and homo 
geneity in the following manner. Evaluation of 
luster was performed in a darkened room using the 
reflectance of light from a 3-watt bulb on the 5x 
Aplanat Magnifier. The lens of the magnifier was 
removed for this inspection. The tablets were rated 
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FORMULATIONS 


Formula Number 


L-15-(T20)-3 F D & C Red No 


Pa 


008° 


) 


JOURNAI 


))-3 


15-(S 


NANNN 
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NANANANANN 


* Time in seconds during which forced warm air 


+ Time interval in minutes between « 


after the coating fluid is evenly distributed 


mmediately 


is directed on the tablet 


Taste I] VISUAL EXAMINATION OF TABLETS 


Initial Homo 
Formula Number Tablet 1 t geneity? 


.-15-(T20)-3 FD & C 

Red No.3 0.03% Pa 
15-( T20)-3 waxed FD 
& C Red No. 3-0.08% Pa 
15-(T20)-3 Ax 
15-(T20)-3 waxed Ax 
5-( A83 )-3 

5-( A&S3 )-3 waxed 

5-( A&3 )-3 waxed Ax 
: Pa 


N 


5-(S20)-3 Px 
5-(S80)-3 

rous sulfate 

Sodium salicylate 

Ammonium chloride 

Cascara sagrada 

Ferrous gluconate 

Uncoated Pa 

Uncoated Px 

Uncoated Ax 


NNN NNNANN N 


l 
l 
I 
l 
15 waxed 
l 
l 
er 


* Based on commercial placebo (4) as standard Decrease 
in number represents decrease in luster 

+ Based on commercial placebo (4 as standard De 
crease in number represents decrease in homogeneity 


numerically for luster on a scale whereby the un 
treated commercial placebos (which possessed a 
very satisfactory luster without any coating) were 
rated as 4 and the untreated aspirin tablets having 
no luster rated as O 

Homogeneity of the tablet surfaces was deter 
mined in a darkened room using the 5X Aplanat 
magnifying lens, the light source being the 3-watt 
bulb in the magnifier. Evaluation of homogeneity 
was numerical on a scale whereby untreated commer- 
cial placebos were rated as 4 (these tabets being 
very smooth and homogeneous in appearance 
Values of 3 and 2 were assigned to tablets with de 
creasing homogeneity and a value of 1 for those 
tablets exhibiting a definite lack of homogeneity 

Infrared Heat Test.—Six each of the coated and 
uncoated tablets listed in Table II were selected at 
random and placed on the base plate of the infra 
red heat lamp, seven inches from the two 250-watt 
infrared lamps. The tablets were inspected at time 
intervals of 5, 10, 15, and 30 minutes, and 1, 2, 4, 
and 8 hours. Results of this test strongly indicate 
that zein coated tablets are more resistant to heat 
than the commercial sugar coated tablets and gener- 
ally show little deleterious effects from the tempera 
ture employed. Zein coatings failed to protect the 
aspirin, which melted in every instance. All the 
zein coatings employed were free from the scorching 
effects of the heat. Waxed and unwaxed Pa colored 
with FD & C Red No. 3 began to fade after one-half 
hour exposure 

Durability (Shaking) Test.—Four-ounce glass 
French square bottles were filled to one-half ca- 
pacity with coated and uncoated tablets as listed 
in Table Il. These bottles were placed on their 
sides in the shaker and inspected at scheduled in- 
tervals for a total of two hours. This test is such 
that the bottles are shaken lengthwise through a 
total distance of approximately one inch three 
hundred times per minute 
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During h examinat the tablets an rasie [\ DISINTEGRATION TES1 
powder w m e accumulated in the bottles 
during the test was noved to facilitate a more ee 
advantageous inspection Results of these examina 


tions indi n coated tablets are moré Coating Formula 


resistal Oy rau han her the uncoated Z-15-(T20)-3 FD & 
tablet r com ‘ | sugar coated tablets Red No -O.038% 
Waxer in iting re mor ubj to chipping Z-15-( T20)-3 waxed 
than the same ur tings FDC & Red 3-0.089 
‘ 15-(T20)-3 
n s of the tablets . 
, .. 8 ZU 3 W 
listed in Table |! re | in 1 vered Petri dishes 


> 
5 
which were le! ) ‘ naz ml glass desic« itor 
from wh I lesi n d n removed and re S 
placed wit! I n I I tablets on each 
> waxed 
S20 


YT NNN NN NN 


exerting only 


l 
l 
l 
l: 
l 
li 
l 


not being com 


ts The dishes 


15-( S80 

ncoated Pa 

nceoated Px 
vated Ax 


fourths capacity 


mm DN 


when they were 

hes used il 
quantit f tablets employed were such that a 
imum of visual inspection v ossible with art 
mum of epidermal con e conditions " DISCUSSION 
ployed permitted a ft movemen £ moist air 


} ; hy] * 7 y - ¥ 
equal ver evel rt 1 in the glass irying concentrations of zein (5 to 20) in 91% 


desicca } a ce’or jar was securely) isopropyl alcohol were employed as nonenterk 
closed | ri dishes contained therein were tablet coatings. In most instances additives were 
UunCcOV : lets were examined periodically combined with these fluids. The type and quantity 
for adl ne ne ¢ lish which would indi f additives employed varied and ranged in concen 
cate a i e coating d to the high hu tration from 1 to 10% Certain of these tablet 
midit he desiccator ja therence values wert 
lin ul tirely upon the general appearance of the finished 


U. S. P. Tablet Disintegration Test. Disintegra coated tablet. Fluids containing 5% and 10% zein 
j ] 


coating formulas were chosen for testing based en 
assigned as describe 


tion tests were performed on coated and uncoated were too thin, requiring larger quantities to cover 
tablets using the prescribed apparatus (10 Six the tablets adequately Furthermore, the tablets 
l t bl lis n Table IV were tested in ire thus exposed to more zein solvent, thereby per 

f five average disints mitting possible tablet disintegration in the coating 

tablet used The aver pan. Zein concentrations of 20% resulted in rough, 

ible IV for disintegration uneven coatings. Additive concentrations of 10% 

irtificial gastric juice as en resulted in a greatly prolonged drying time. Fluids 


containing 15% zein and 3% additive were sub 


TABLE UMIDI1 


Formula Number 
}F D&CRed N 
} waxed FD & C I 


NWN 


AR3)-3 
ASS )-3 w 
AS3 )-3 w 


15 “ xed 

15-(S20)-3 

15-(S80)-3 

Ferrous sulfate 

Sodium salicylate 

Ammonium chloride 

Cascara sagrada 

Ferrous gluconate , : 

Uncoated Pa 0 
Uncoated Px 0 
Uncoated Ax 0 


NNNNNN NNN 


* 0 adherence-—all tablets slide readily when dish is tilted; 3 adherence—tablets slide only when dish is gently tapped with 
finger, 10 adherence—none of the tablets were released when dish is tapped as above; all required individual pressure to move 
them, leaving a portion of the tablet and coating remaining on the glass 
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mitted to testing because these concentrations ap 
peared most efficacious with respect to uniformity 
ind ease of coating. Total working time employing 
the prescribed concentrations of zein and additive 
was less than one-half hour for the actual coating 
procedure. At the end of this period the coating 
was dry and but for a characteristic odor of zein and 
isopropanol, the tablets were ready for packaging 
rhis odor gradually dissipates when the tablets are 
xposed to air The need for sealcoating, cooking 
kettles, and ovens is eliminated and the size and 
weight of the coated tablets is practically unchanged 
1-5 mg. weight gain). Zein coated tablets re 
sisted effects of the durability, humidity and infra 
red heat tests to a greater degree than did the com 
mercial sugar coated tablets. It would appear that 
aspirin presents an individual problem. Zein coat 
ings completely mask the characteristic odor of ace 
tic acid ordinarily emitted from aspirin tablets and 
remain on these tablets long enough to prevent the 
very familiar bitter taste of this drug from being 
experienced by the subject 
but slightly effected by the zein coatings and em 
blems, trademarks or grooves on a tablet surface are 
clearly visible through the coating 


Disintegration time is 


AMERICAN PHARMACEUTICAI 


ASSOCIATION Vol 


XLVI, No. 8 


From the design of this work it can be seen that no 
comparison between individual zein coating formu 
las was intended and that no such evaluations can 
be made from the accumulated data. It does 
appear, however, that zein can be well utilized as a 
nonenteric tablet coating material when applied in 
the form of a thin film 
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Methoden der organischen Chemie (Houben-Wey]l), 
4thed. Vol. XI/1. Edited by Evucene Mii__er 
George Thieme Verlag, Stuttgart, 1957. Price 
$48.50 (subscription price $44.55) 

In Volume XI of this handbook, the methods of 
preparation and transformation of amines, lactams, 
quaternary ammonium compounds, and nitrogen 
compounds containing sulfur are discussed. Meth 
ods for the direct introduction of amino groups in 
cluding methods involving addition reactions, re 
duction, condensation, the use of organometallic 
compounds, rearrangement, fission, and other special 
procedures are discussed quite in detail. Prepara 
tive methods for primary, secondary, and tertiary 
amines are described in a separate chapter and the 
properties and manipulation of ammonia are also 
discussed in another chapter dealing with this sub 
ject. Volume XI/1 is of the same high type of 
binding and format as the earlier volumes in this 
series 


Biochemistry of Some 
btotics By E P 
Sons, Inc., 
x 18.5 cm 


and Steroid Anti 
John Wiley & 
+ 96 pp. 12. 


Peptide 
Abraham 
New York, 1957. ix 
Price $3 

This compilation of the 1957 Ciba Lectures in 
Microbial Biochemistry, at Rutgers University, 
by Dr. Abraham (Oxford), describes recent work 
on the bacitracins, the cephalosporins, and their 
structural and functional relationships to other 
antibiotics 


nex pec ted Reactions lo 
Antibiotics. By 
Thomas, 
12.5 x 18.5 cm 


Modern Therapeutics 
Schindel. Charles C 
1957. xii + 146 pp 


Leo 
Springfield, IIl., 
Price $3 
This survey deals first with unexpected reactions 
to antibiotics, describing signs and symptoms duc 
to these reactions. The antibiotics discussed are 
penicillin, streptomycin-dihydrostreptomycin, chlor 
amphenicol, tetracyclines, antibiotic-resistant bac 
teria, neomycin, erythromycin, fuma 
gillin, novobiocin, cycloserine, and polymyxin 
The management of unexpected reactions is con 
sidered. References are given at 
chapter, and 


bacitracin, 


the end of each 
a general subject index is appended 


Atomu 
Dick 


13.5 x 22 cm 


William E. 
York, 1957 


lgriculture By 
Philosophical Library, New 
Price $6 

This book describes how atomic energy may speed 
up plant breeding and the production of new varie 
ties of plants, and how atomic energy can be used 
in other ways in agriculture 
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Dental Practitioners’ Formulary 1957. By the 
Joint Formulary Committee. The British Medi 
cal Association, London, 1957. 49 pp. 10 x 
16 cm. Price 3s 
This third edition of the Dental Practitioners’ 

Formulary is intended for use by dentists in the 

British National Health Service 
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IN VITRO MEASUREMENT OF ANTACID ACTIVITY 
Aluminum Hydrozide Magnesium Carbonate Co-Pracipi 


ah s Hydroxide Col 
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, Reheis Co. Inc 
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Aluminum Hydroxide—Magnesium Carbonate 
Co-Precipitate Dried Gel Type F-MATI 


F-MAI11, a finely-divided, white powder consisting of a combination 
of aluminum hydroxide gel and magnesium carbonate, now makes it 
possible to make tablets or powders having extremely prompt and 
prolonged acid neutralizing action in the optimum pH range. For 
the first time, the pharmaceutical manufacturer can make a product 
for the ambulatory patient which will have all the desirable features 
heretofore only inherent in Aluminum Hydroxide Gel U.S.P. 


In vitro measurements of antacid activity, the graph above clearly 
demonstrates a favorable comparison with Aluminum Hydroxide Gel 
U.S.P. and a superiority over widely-accepted Aluminum Hydroxide 
Dried Gel U.S.P. 


ay Write today for full data and samples 
RI TAKS of this newest Reheis antacid and buffer compound. 
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a pleasant palatability in new pharmaceuticals and 


proprietary medicinals is much simpler today due to the many 


achievements of modern flavor technology. 


“SEALVA” dry flavors (hermetically-sealed inert flavoring 
materials of exceptional quality) offer special advantages 
for products in powder, grain, flake, tablet and oil-sus- 


pension form. 


“ALVA” flavor constituents developed specifically for 
controlling unpleasant taste in liquid pharmaceuticals 


prod ucts. 


The pharmaceutical section of the Alva Research Laboratory is 
unmatched in experience and ability in treating unusual palat- 


ability problems in medicinals. Each problem is treated individu- 
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ally. May we help you? 


van Ameringen-Haebler, Inc. 
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